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Sharon ‘430’ is not a newcomer to the 

family — quite the reverse. It is the gr 

of successful stainless types. It antedc 
i chromium-nickel stainless steels by m« 
is a thoroughly tested steel with volu 
successful applications. 
Automobile manufacturers have long 
material for complicated beading and 
both the fabrication and end use hav: 
to critical tests. Hospital equipment, 
utensils, jewelry, hardware have all b 
made from Sharon '430' successfully. A 
towers, used in the manufacture of nit 
built of '430' more than a quarter cent 
still in everyday service. 
Sharon '430' Stainless is available toda 
restrictions as to end use. If you are ir 
market for a metal with above averag 
get the whole story from your nearest 
office or write direct. Technical assistan 
available without obligation. 


SHARON STEEL CORPORATION 
Sharow, Pennsylvania 
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Assembly Engineering 


is qualified to handle all your problem: 






















































G. 
You save time, trouble and expense when you turn your electrical coi Շ( 
assembly problems over to Mallory. 
From design and material selection . . . to parts fabrication and finishing . 
final assembly, Mallory is qualified bv its facilities, personnel and experienc / 
to handle the whole job for you. 
Mallory takes pride in the design of more than 5000 different contacts o 
has developed many special alloys as well as new brazing and production tech. t 
niques .. . has pioneered in the development and practical application of powder g 
metallurgy ... has designed and produced all kinds of switches. n 
à; li 
When Mallory engineers work for you, you get better contact assembly perform- f 
ance... lowered costs... freedom from the problems of handling, scheduling a 
and divided responsibility involved in assembling your own contact units. 2 
l 
լ 
E...GET MORE FROM MALLORY t 
When overheating in a circuit breaker contact assembly caused prematur: լ 
failures, the problem was handed to Mallory assembly engineers. i 
They solved it through the use of a strong, copper-base Mallory alloy in the l 
arcing blade . . . Mallory Elkonite® as the contact material . . . Mallory-developed 


brazing techniques. The assembly designed and produced by Mallory gave longe: 
life...atalower cost. . . and permitted the power rating of the circuit breaker 
to be increased 100%. 


It is reasonable to expect that Mallory engineers can do for you what they have 


done for others. Call or write Mallory today. 


In Canada, made and sold by Johnson Matthey & Mallory Ltd., 110 Industry St., Toronto 15, Ontari 


Electrical Contacts and Contact Assemblies 





P.R.MALLORY & CO. Inc SERVING INDUSTRY WITH 
Electromechanical Products —Resistors + Switches « TV Tuners * Vibrators 

A L L Օ of Electrochemical Products— Capacitors + Rectifiers e Mercury Dry Batteries 
Metallurgical Products—Contacts * Special Metals * Welding Materials 


P. R. MALLORY & CO., INC., INDIANAPOLIS 6, INDIANA 


For information on Titanium Developments contact Mallory-Sharon Titanium Corp., Niles, Ohio. 
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METALLIC MATERIALS 


GAS REMOVAL from molten aluminum alloys to 
control casting porosity is a matter of adding a 
proprietary mixture if micro- 
scopic examination indicates in- 
creasing porosity. Since porosity 


1 develops slowly, the additive (0.1 
2l percent by weight of melt) is ap - 


S plied throughout a period of a day 
or more. If examination shows a decreasing 
trend in porosities, no additive is needed. 


STAINLESS STEELS highly alloyed with copper, 
molybdenum, nickel and chromium show excel- 
lent corrosion resistance to a wide range of sul- 
furic acid concentrations. Control of composition 
and annealing at temperatures between 1,900 and 
2,100 F are recommended for these weldable al- 
loys. Tests at the Worthington Corp. , Harrison, 
N.J. were made onsample pipe or valves while 
under normal service conditions. 


BRAZING POWDER, has been recently developed 
by American Electro Metal Corp. of Yonkers, 
N.Y., for very high temperature brazing of mo- 
lybdenum and tungsten electronic components. 
The powder melts at about 3,450 F, and forms a 
continuous braze upon solidifying. 


AN INCREASE IN DEMAND varying from 27 per- 
cent for aluminum is estimated by the Materials 
Բ Policy Commission for the 25 
» year period ending 1975. The 
800-page report also states that 
cobalt, which is required for jet 
engine alloys, is expected to ex- 
perience a 340-percent jump. 


MOLYBDENUM'S MELTING TEMPERATURE, 
4,750 F, and thermal conductivity, seven times 
austenitic stainless, make it attractive tode- 
signers for use as structurals in gas turbine and 
ramjet engines, If stresses are not excessive, 
such alloys can be used in the 3,000 F range and 
welded with helium-shielded tungsten electrodes 
in the absence of air. Weld reinforcement is 
needed in parts that are formed after welding. 
1952 
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When requesting further information from cor 


refering to the issue of Product Engineering in which items 


npanies and organiza 


tions mentioned in the items below, confusion can be avoided b 


appear 


ELECTROLYTIC MANGANESE from low-grade 
domestic ores can be substituted for some uses 
of ferromanganese made from high-grade foreign 
ores. Accordingto a report from the Bureau of 
Mines, electrolytic product is desirable for 
stainless steels and welding rods because of its 
virtual freedom from phosporus and carbon. 


SAVINGS IN STRATEGIC ALLOYS up to 85 per- 
cent have resulted from the use of ferritic weld- 
ing rods instead of austenitic rods at the Detroit 
Arsenal. Rods are low in hydrogen and have a 
coating that contains all major alloying elements. 
Such welds stand up well in military vehicles 
subject to bombardment. 


NONMETALLIC MATERIALS 


FREQUENT CLEANING of equipment in contact 
with perishables such as foodstuffs may become 
L 7 "infrequent" if DuPont's new mil- 
3 dew-resisting enamel is used, 


a Mex Cunilate fungicide (copper-8-qui- 
We ~~ 


nolinolate) is the key ingredient, 
Se is non-toxic and imparts a green- 
meta æ ish-yellow cast to the finish. 
TWIN PROBLEMS --shrinkage and swelling --in 
oil resistant rubber applications are reported 
minimized by Buna N compound X-1692 made by. 
Acushnet Process Co., New Bedford, Mass. 
70-hr tests in low and high aniline point oils re- 


sulted in only 12.5 percent swelling and 3.0 per- 
cent shrinkage without becoming tacky. 


SILICONE-BASE FINISH is reported to withstand 
temperatures to 1, 000 F without blistering, peel- 
ing or discoloring. John ZinkCo. of Tulsa, Okla. 
is using Sicon, whichis made by the Midland In- 
dustrial Finishes Co. of Waukegan, Ill., in gas 
heaters, both on combustion chambers and in 
various colors on outer surfaces. 


THERMOSETTING LAMINATE combining high 
arc resistance with good mechanical properties 
has been developed by Synthane Corp. of Oaks, 
Pa, The G-8 plastic presents a saving in cost 


(continued on page 7) 





THE ANSWER 


BETTER LARGE STRAIGHT BEVEL GEARS. 


This close-up of the sturdy tool slides on a Gleason 
No. 24A Straight Bevel Generator shows the 
answer for improved production of large straight 
bevel gears. By setting the Coniflex® adjusting 
dials pictured, any desired length of tooth contact 
can be obtained. Manufacturers of steel mill and 
mining machinery, power shovels, and similar 
heavy-duty equipment are using Coniflex gears, with 
tooth contact suited for the application, for easier 
assembly, smoother operation, and longer life. 
Send us details of your large straight bevel gear 
applications. We will gladly show you how Coniflex 
gears, cut on the No. 24A, will improve your results. 
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GLEASON WORKS 


1000 UNIVERSITY AVENUE - ROCHESTER 3, NEW YORK 
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below the continuous filament glass base material 
(NEMA Grade G-5) while matching its electrical 
properties. Laminated in thicknesses from 
1/16-in. upward, material consists of a glass 
fiber mate impregnated with melamine resins. 


HIGH-ALUMINA CERAMIC exhibits desirable 
mechanical, electrical and heat-shock prop- 
erties that suggest many applications. French- 
town Porcelain Co. of Trenton, N.J. lists among 
the potential uses of their Alamanox 4462 mate- 
rial: Envelopes on vacuum tubes, inserts for 
rocket nozzles, brake liners for jet bombers, 
bases for printed circuits, thread guided, and 
insulation for high-voltage equipment. 


AN ALUMINUM COATING that can be sprayed 
without spattering surfaces four feet or more in 
the background is the development of Royston 
Laboratories, Inc., Blawnox, Pa. Special vehicle 
and solvents in Roylac aluminum cause it to dry 
toa cottony, non-adhering powder once the drop- 
lets have traveled more than four feet from the 
nozzle of the gun. 


PROCESSES 


SUBSTANTIAL PROGRESS is being made with 

cast magnesium aircraft wings at Northrop Air- 

craft, Inc. A section of a wing 16 ft. long and 

e adhering to exacting tolerances 

;, has already been cast. Signifi- 

22 cance is attached to this project 

because it is believed that cast 

wings can be produced more ra- 

pidly and economically than can 

wings fabricated by attaching aluminum skins 
to spars and ribs with rivets or spot welds. 


LOW-PH NICKEL STRIKE, which proved itself 
so valuable as an alternate for cyanide copper 
strike on steel prior to bright nickel plating, is 
proving equally valuable in getting satisfactory 
adhesion of bright nickel to unbuffed bright acid 
copper. Frederic B. Stevens Inc., Detroit 16, 
says the nickel strike solves the problem so com- 
pletely that a growing use of this application is 
anticipated. 


GREAT VALUE is to be derived from working 
with metals in frigid temperatures. According 
to Arthur D. Little, Inc., Cambridge, Mass., 
anextremely hard stainless steel has been pro- 
duced experimentally by immersion in liquid 
nitrogen at -320 F, followed by rolling and forg- 
ing at controlled temperatures. About50 labor- 
atories are equipped to do this "cold research." 
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WHEN MAGNESIUM tS WORKED at temperatures 
ranging from 450 to 700 F, it is possible to do in 
a single draw what would require up to three 
drawing operations in ferrous and some nonfer- 
rous metals. Allowable deformation increases 
more rapidly in magnesium with increase in 
temperature than in any other commercial metal, 
and springback decreases as temperature in- 
creases. There is no springback at 600 F. 


LAST YEAR only 1,000 tons of aluminum were 
used for hot dip aluminized steel. By 1960, says 
Kaiser Aluminum & Chemical Corp., the figure 
should be closed to 80,000 tons annually. The 
aluminizing industry is growing, but will have to 
workhardto compete with galvanizing, and pos- 
sibly, tin plate; and that the economics of the hot 
dip aluminizing process are closely allied with 
the methods of applying the coating. 


AFTER EXTENSIVE TESTING, a special method 

of cold galvanizing for surface protection of steel 

and iron has been announced by the Galvanite 

«յի » New York City. The process involves a 

Է| 7, compound called Galvanite, which 

| can be applied with brush, elec- 

| tric spray gun or by cold dip. 

?/ Coating differs basically from 

other so-called metallic paints 

containing zinc inthat it combines 

with the ines metal, setting up electrical con- 
tinuity and thus cathodic protection. 


COMPONENTS 


SEMICONDUCTING TITANIUM OXIDE ina single 
layer, a sheet of titanium metal and a counter- 
electrode of some other conductor promise to 
effect a major improvement in rectifiers. Ex- 
perimental units at the National Bureau of Stand- 
ards withstand a reverse potential of about 20 v 
per plate and performance improves as temper- 
ature is increased to about 150 Centigrade. 


THE RECOIL of starter springs produced by 
Sandsteel Spring Div. of Sandvik Steel, Inc. is 
2 such that performance and serv- 
zA ice life on power saws, small 
tractors and power lawn mowers 

* aresatisfactory. Annealing pro- 


"es 


AN EXPLOSION-PROOF, remote-indicating fuel 
Flowrator, which shows an average deviation of 
less than 0.2 percent, has been developed by 


continued on page 9 


cedure and high carbon steel are 
——— the key factors. 





Another new development using 


B. F. Goodrich Chemical -+ 


Pressure booster needs exceptional seal- 


1. SE fluid pressure boosters 
develop output pressures up to 
10,000 p.s.i.— must have an abso- 
lutely leak-proof seal. More than 
that, the seal material must not change 
in volume or deteriorate in hydraulic 
oil... be affected by normal operat- 
ing temperature ...or distort or cold 
flow under extreme pressure. ( dn every 
count, the seal manutac turer found 


Hycar rubber fills the bill perfectly! 


Meeting unusual requirements like 
these is an every-day job for Hycar. 
For this versatile material can be 
made resistant to heat and cold... 
abrasion . . . oil, grease, gas, many 
chemicals and more rugged service 


conditions 


Perhaps one of the many Hycar 
rubber compounds can help you im- 
prove or develop 4 product—or solve 
troublesome, costly problems. Write 
for helpful technical bulletins and 
advice. Please address Dept. HP-5, 
B. F. Goodrich Chemical Company, 
Rose Building, Cleveland 15, Ohio. 
In Canada: K itchener, Ontario. Cable 
address: Goodchemco 


B. F. Goodrich Chemical Company 
A Division of The B. F. Goodrich Company 


Hycar 


ճութ I his seal made for Miller Motor 
Co., Chicago, Ill, by Acadia 


. Synthetic Products, Chicago. 
(214440 B. F. Goodrich Chemical Company 
supplies Hycar rubber only. 


GEON polyvinyl! materials « HYCAR American rubber « GOOD-RITE chemicals and plasticizers e HARMON organic colors 


8 Propuct ENGINEERING SEPTEMBER, 195 


" s 





Fischer & Porter Co. of Hatboro, Pa. the Instru- 
ment will measure fuel flow rates from 160 to 65, 
000 lb per hr to an accuracy appreciably better 
than that or earlier glass-tube flow meters. 


PRECHARGED PLATES that hold their life for 
several years are the feature of a new battery 
= perfected by the Firestone Tire 

i ta! & Rubber Co. With a new glass 
|;'€ separator and an acid bottle that 

E holds the electrolyte, thebattery, 
4 Jil " whenactivatedby the acid, 1s said 
Um Լ to deliver full power. 
4 acl 

A FAST GROWING FIELD for nylon is in rivets 
and insulating fasteners for electrical com- 
ponents andassemblies. Nylon's combination of 
resiliency toughness and temperature resistance 
has permitted radical changes in the design of 
components, according to The PolymerCorp. of 
Pennsylvania, makers of Polypenco nylon rod. 


BRAZED ALUMINUM RADIATORS are being 
tested by General Motors in Chevrolets. They 
are more expensive than copper assemblies 
because the salt bath used in costly and numer- 
ous voids must be repaired. Also, there is no 
available solder compatible with coolant solu- 
tions. But, aluminum's low weight, availability, 
ability to take coolants under pressure and good 
heat transfer favor continued study. 


"g' g^ cv rg T ` 
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A TINY GEIGER COUNTER that does not require 
batteries is available from Morgan Instruments 
Co., Canoga Park, Calif. The Geiger-Mite con- 
sists of a generator, which fits in the palm of 
the hand and supersensitive head-phones. 


EARLY OBSERVATIONS made with a huge siren 
by two physicists at the University of California 
in Los Angeles reveal that the higher the fre- 
quency or intensity of sound, the greater the per- 
centage of sound energy converted into heat 
energy. The research has also demonstrated 
that, after a short period, sound waves of high 
intensity take on shock-wave characteristics, 
emphasizing a correlation between acoustics and 
aerodynamics heretofore little explored. 


A MOISTURE DETECTOR that can look inside 
sealed packages and even cocooned aircraft is 
being studied by the Air Force. The Hydro- 
tector, developed by American Instrument Co. 
of Silver Spring, Md. tells whether a package 
seal is good or bad, and whether or not the des- 
sicant is keeping moisture within safe limits. 


AN ELECTRONIC TROUBLE SHOOTER will soon 
be in operation at TVA's power plant. SARA 
(Sequential Automatic Recorder 
ՓԱ and Annunciator) will provide a 
UAE continuous record of normal 
operations, as well as any devia- 

tions, in transformers, boilers, 

turbines, and circuit breakers. 


THE ELECTRON MICROSCOPE is exposing the 
secrets to many problems of long standing at 
Chrysler's engineering labs. In early tests, 
rubber shock absorber bushings failed in some 
cases, not in others. The new microscope re- 
vealed that carbon black inall rubber compounds 
tested had large particles arranged in a network 
structure, whereasthe best compounds contain- 
ed another type of carbon black consisting of 
very small particles. Examination of the in- 
ferior type revealed only the network contain- 
ing large-size particles. 


THIS MONTH’S COVER 


Photography is quicker and generally more convincing than theoretical computations 
of inertia, acceleration, friction, elasticity and the like. In studying fast-moving 


mechanisms, a high speed movie camera never makes the mistake of neglecting factors 
that should not have been neglected. The picture on this month's cover shows a 
Kodak High Speed Camera making 3,200 pictures per second of a solenoid valve in 
action. Simultaneously, a second lens on the side of the camera records through the 
back of the film an oscillogram of the electrical impulses fed to the solenoid. Also 
simultaneously, an argon lamp inside the camera puts a timing signal on the film. 
When the film is shown in an ordinary movie projector at 16 frames per second, 
design engineers see at 1/200 of actual speed exactly what happens when the solenoid 
is energized, how long it takes the mass to start moving, when the contacts close 
completely, and how soon the solenoid is ready to re-cycle 
The special report starting on page 167 contains a thorough discussion of the 
various high speed photographic techniques and cameras, and shows some of the 
uses to which this versatile design tool has been put 
Kodachrome by Robert Phillips, Eastman Kodak Company 
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This Low-Alloy 
High-Strength Stee 


Aca Weld Metal 


[Bi 
Ma 


Mayari R is a low-alloy, high-strength steel 
that can be welded by the ordinary methods used 
for plain carbon steel .. . electric-resistance, in- 
cluding spot-, seam-, and flash-butt . . . electric- 
arc, including metallic, carbon, and inert-arc 

automatic-submerged-arc . . . and gas- 
welding processes. 

There is no difference in the equipment, the 


technique, or the welding speed with Mayari R. 


e — MWeld Mefol 


Line of Fusion 


i B hard in. manual 


-welded May 471 Piate 45 elde / 


A non-air-hardening grade, Mayari R shows 
no appreciable hardening from welding temper- 
atures. Results of tests made on welded Mayari R 
indicate that the welds are equally as strong as 
the parent metal. 

Full information on welding and fabricating 
this steel is readily available for your files. Write 
or phone any Bethlehem sales office and ask 


for a copy of Mayari R Catalog 259. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products are sold by Bethlehem Pacific € 
Steel ( orpo ration Expo rf Distributo p, Beth " he ni Steel E xpo rt € orpo ration 


BETHLEHEM 
STEEL 


Mayari R valu 4 ipt. Tionge. longor lading 
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erspectives ~ DESIGN AND 
DEVELOPMENT 


AIR FORCE The Defense Production Administration's feud with the Air Force and 
DPA FEUD Navy over combat aircraft may result in a complete turn-about for air- 
craft designers. 

There's a lot more to the row, but oneof major changes DPA is seek- 
ing in aircraft production is a greater concentration by engineers and 
technical experts of the services and industry on completely new war- 
planes. The armed forces are wasting too much of the time of these pro- 
fessionals, DPA feels, by swamping them with demands for improving 
obsolescing models and in making only minor changes in new aircraft. 


DPA TARGET There have been a lot of allegations, mostly from the Defense Depart- 
ment, that what DPA wanted was for the services to freeze aircraft models 
and to standardize plane and engine designs to get an immediate boost 
in production. There maybe sometruth in this supposition, but the real 
target of DPA criticism was Air Force and Navy procurement policies 
and procedures, 

Virtually every military order for fighters and bombers then on the 
books would have been affected had the services accepted suggestions 
made by DPAearly in July. Production of some planes and engines would 
have been increased, output of others would have been slowed, and con- 
tracts for still more would have been cancelled entirely. But these rec- 
omendations were secondary -- merely suggestions by DPA as to how 
some of its primary proposals could be carried out. 

Here are the major changes in aircraft procurement urged by the mo- 

nper- bilization agency: 

1. Eliminate production of multiple types of aircraft designed for the 

same combat mission and concentrate on the best ship for the purpose. 

ng as That is, the best day fighter, the best night fighter, the best fighter- 
. bomber, the best interceptor, and so on, 
2. Cut red tape that slows production of new models. 





hows 


ari R 


ating The first recommendation applied only to aircraft already in production 
Y rite or soon to go into production. It involvednoentirely new designs still on 
buds the engineers' drawing boards. But it was aimed at developmental work 


on such models as the North American F-86-H fighter, a souped-up ver- 

sionof the F-86-F Sabrejet. The "H" model would havea more powerful 

j engine than the "F". DPA'S recommendation here was to drop production 

[. PA. | plans for the F-86-H, concentrate engineering on a plane designed specif- 

T" E ically for a bigger power plant -- like North American's F-100, which is 
viue i still months away from production., 


CUTTING RED Some of the red tape DPA wants cut includes: 

TAPE 1. Military inspection boards, which pass on prototypes of new air- 
craft. These boards sometimes number sixty or more members who 
have to reach unanimous agreement before accepting a new model. In- 
dividual board members frequently hold out for petimprovements of a 
trifling nature. When these improvements are numerous they often force 
complete redesign before the aircraft can go into production. 

2. Delays in letting contracts: In September, 1948, for example, the 
Air Force tested a prototype of the convair F-102, which it rated as the 
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( Continued on page 115) 
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ELECTRO DYNAMIC 


E. over 70 years extra strength and stamina have been 
bred into Electro Dynamic motors to fulfill the most 
exacting demands of industry. 

To give added years of dependable, low-cost operation, 
special skills and superior insulating materials are used 
to toughen the WINDINGS. ..“the heart of the motor.” 
The frames and housings are of rugged cast construction 
for rigidity and resistance to corrosion. 


You'll find an E. D. motor for every requirement. All 
standard enclosures ... 1 to 250 h.p. Write today for 
illustrated literature. 


E. D. also makes a complete line of Direct Current 


Motors and Generators. Literature on request. 


ELECTRO DYNAMIC: Division of General [ 


AUTHORIZED SERVICE 


RC DYNAMIC 
eat motors 


- Bayonne, New Jersey 


IN PRINCIPAL CITIES 
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best looking interceptor in sight. Yet today it still has not placed orders 
for as many as a' dozen 102 models. 

3. Priority assignments: The services put their own urgency rating 
on weapons to guide their contractors as to the order in which they want 
deliveries. In many cases, Air Force and Navy priority ratings just didn't 
make sense to DPA. Example: The Navy has given a much higher rating 
to production of an obsolescent piston-engined bomber than to the jet- 
powered plane that is to replace it. 


BEST PLANES DPA gavethe Air Force and Navy a list of planes and engines on which 

AND ENGINES they should concentrate both actual production and developmental work. 
In most cases, it recommended that the services step up output of the 
bestofits present planes -- like the Air Force's F-86-F Sabrejetfighter 
and the Navy's A-3D twin-jet light bomber -- and cancel out production 
of all other planes being built for identical missions as soon as the favored 
aircraft are in production, 

For the future, DPA wants the services to look moretoward develop- 
ment of planes which military and industry experts rate as far superior 
to any we now have or that the communists have shown over Korea. In 
this direction, DPA went along with recommendations of the Defense De- 
partment's own research and development board on Air Force fighters. 
It obtained less formal, but justas authoritative, views on other aircraft 
types, DPA said. 

On engines, DPA urged accelerated production and development on new, 
high-powered jets -- such as the J-57, J-71, J-73. These power plants 
generally have a rating of upwards of 10,000 lbthrust or more. DPA rec- 
ommended a gradual cut-off of lower-powered engines generally as soon 
as the planes for which they are being made can be replaced by more 
modern types. It recommended cancellation of some lower-powered en- 
gines immediately on grounds that they would not be good enough even for 
present aircraft types or that productionis sosnarled that engines would 
be obsolescent before they could be delivered. 


MILITARY There is no expectation that all of the Defense Production Adminis- 

VIEWPOINT tration's recommendations will be accepted without a fight. Military ex- 
perts are of the opinion that DPA is oversimplifying the process of sel- 
ection of the best aircraft. Both the Air Force and the Navy feel that it 
is best to go slow on production schedules until exhaustive tests have 
proven that the plane selected is the one they want to live with for a con- 
siderable time. 

The best testing condition in the opinion of the military is actual com- 
bat. Consequently they like to have four of five models performing the 
same task under the same combat conditions. This would make a final 
choice more expedient and more decisive. 

If nothing else this recent wrangle will bring to light many of the faults 
of both views. No one will deny that we need a higher rate of production 
of combat aircraft. Whatever the snags are they will have to be removed 
before this is possible. 


MATERIALS If DPA'S recommendations are accepted, the expected increased plane 
SUPPLY EFFECTS production could result in increased consumption of aluminum and copper. 
This would be advantageous, especially in the case of aluminum, since 
normal consumption of these materials has been restricted by lack of 
steel caused by the recent strike. 
Some concern exists that anincrease in aircraft production could re- 
sult in the Air Force running out of funds to back up contracts. In such 
a case, top defense production officials will take the matter directly to 
the President and seek supplemental appropriation in Congress. No 
serious opposition to such an appropriation is anticipated. 
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Requirements for Bearing Materials 
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VORNADO AIR CIRCULATOR 
stirs up a... 


Special Speen Nurt design for O. A. Sutton Corp., 
Wichita, Kansas, doubles production and 
gives a cool 50% savings on materials too! 


The cooling breezes from a beautifully- 
designed Vornado Air Circulator are enough 
to please most people. But, not O. A. Sutton 
engineers, who are always on the look-out for 
better ways to make cooler breezes cost less 
to produce. They turned to SPEED NUTS and 
discovered a savings “tornado” for Vornado! 
This special SPEED NUT was developed as 
the result of a comprehensive Fastening 
Analysis, in cooperation with O. A. Sutton 


Engineering. Whether it’s a new product in 
the design stages or an existing model, the 
SPEED NUT principle of spring tension fasten- 
ing will help you cut fastening costs on your 
product assemblies. Call on the Tinnerman 
representative in your area. He will gladly 
supply details on our comprehensive fastening 
analysis service. And, write now for your free 
copy of the “Savings Stories” booklet. 
TINNERMAN PRODUCTS, INC., Cleveland 1, Ohio. 
In Canada: Dominion Fasteners Ltd., Hamilton. In 
Great Britain: Simmonds Aerocessories, Ltd., Treforest. 


Wales. In France: Aerocessoires Simmonds, S. A. —7 
rue Henri Barbusse, Levallois (Seine) France. 
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SPEED NUT METHOD 


Special SPEED NUT and 
redesigned motor mount bracket! 
eliminate A, B and C. Permit 
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Requirements for Bearing Materials 


1. COMPATIBILITY 

Compatibility is a measure of the anti-weld char- 
acteristics of a bearing material when operated with 
a given journal material. 

Metal to metal contact exists frequently even in 
well lubricated journal bearings. Upon starting, the 
rotating journal slides on the bearing until an oil 
film is generated to separate the surfaces. Direct 
contact also exists somctimes in misaligned bear- 
ings and at high spots. In such cases the degree of 
welding and tearing that occurs is intimately asso- 
ciated with the mechanical, chemical, and metal- 
lurgical properties of the metals. 


2. EMBEDDABILITY AND 

CONFORMABILITY 

The hardness and modulus of elasticity of. a 
bearing material should be as low as possible while 
providing sufficient strength to carry the applied 
loads. The resulting characteristics enable a bear- 
ing to compensate for misalignment and to con- 
form to other geometric errors. : 

When a journal forces dirt or wear particles 
against a bearing material, it is also important that 
the material absorb the foreign particles and thus 
avoid scoring and wear. A recent experimental 
evaluation of embeddability ranks the bearing ma- 
terial in the same order as would be anticipated 
from Fig. 2, which lists elasticity data. 


3. CORROSION RESISTANCE 


Some metals react readily with the organic acids 
formed in lubricating oils during their oxidation. 
As a result, rapid corrosion occurs and insoluble 
organic soaps of the bearing materials are de- 
posited in the system. This tendency is most objec- 
tional at high temperatures and when the ratio of 


the quantity of oil to the bearing surface is ~ as 
in electric clock and other fractional-horsepower 
motors. 

Materials containing lead, cadmium, zinc, and 
copper are most susceptible to this type of corro- 
sion. Difficulties can be minimized by selecting oils 
with good oxidation inhibitors, and by specifying 
periodic oil changes. Relative rates of corrosion of 
several materials are shown in Fig. 3. Studies now 
under way indicate that aluminum and tin-hase 
babbits are quite resistant to corrosion, while lead. 
base babbits must contain at least 10 percent tin to 
avoid relatively rapid attack. 


4. COMPRESSIVE AND FATIGUE 

STRENGTH 

Fatigue strength is particularly important in 
applications for which the load changes direction, 
such as in reciprocating engines. Table | gives 
comparative data for several bearing materials. 

Materials of intermediate compressive strength 
generally exhibit satisfactory resistance to extru- 
sion without having the brittleness which would 
cause crumbling under shock loads. Sufficiently 
high fatigue strength will enable a bearing to 


' operate without developing cracks or surface chips. 


The use of a thin layer of soft bearing metal bonded 
to a hard backing metal often gives the desired 
combination of fatigue and compressive strength. 
In such cases the fatigue strength of the bond 
requires particular attention. 


5. COST AND AVAILABILITY 

Although the importance of cost cannot be 
ignored, in abnormal times availability can do 
much to offset it. Also, the current labor rates make 
it necessary to include processing in the ledger. 


Selecting the Right 
Journal Bearing Material 


E. H. SCOTT, JR. 
E. R. BOOSER 
Thomson Lab., General Electric Company 


THROUGH PAST EXPERIENCE, certain 
basic requirements have been set forth 
for evaluating bearing materials. These 
are (1) compatibility (2) embedda- 
bility and conformability (3) corrosion 
resistance (4) compressive and fatigue 
strength (5) cost and availability. 
Actually, this list is not complete. 
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For some applications, factors such 
as bondability, machineability, coeffi- 
cient of expansion, and thermal con- 
ductivity must be added. The impor- 
tant fact is, however, that no one 
material is equally good with respect 
to all requirements. Thus, selecting 
the proper material for a specific bear- 
ing must be based on those factors 
that are most essential for the given 
application. 

Numerous investigators have com 
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piled data on the properties of the 
commonly used materials, 
white metal alloys, copper base alloy 
aluminum, silver, powdered metals 
cemented carbides, cast iron, graphite 
and plastics. Much of this work ha 
been reviewed herein, and to 
added original information on 
patibility characteristics as d 
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Fig. 1—(A) Compatibility tester used to get data on wear rate, coefficient of friction, and tendency of different bearing 
materials to score steel shafts. (B) Numerical coding system that was used to compare these compatibility characteristics. 
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is a tin-base, with about 

peed of 700 fpm. Measurements Í to 7 percent copper and 4 to 12 per- 
were made of the wear rate of the Tin and Lead Babbitt. A bearing ma- cent antimony; the other is a lead-base 
bearing material, temperature rise, and — terial should have a minimum ten- with a maximum of 20 percent tin 
oefficient of friction. A numerical dency toward surface damage when and 10 to 15 percent antimony. Better 
oding system illustrated in Fig. 1 (B) operated with a steel journal under corrosion resistance, less tendency to 
ndicated the degree of pickuj nditions of boundry lubrication. The — weld under conditions of poor lubri- 
r, and coloring of the ring as well one metal that probably can fill this cation, and easier bonding to a steel 
mushrooming ing. at requirement best for most applications shell generally make tin babbitt the 

the ( he t s babbitt. It has excellent compatibil- more desirable. The high cost of tin 

Ill" per f t ty and non-scoring characteristics plus and its critical shortage in times of 

outstanding embeddability and con emergency, however, have brought 


f 


formability lead babbitt into use whenever possi 


ES a T sanari Mab £o 


ee 


T 


Propuct ENGINEERING — SEPTEMBER, 1952 





aring 
istics, 


TY TEST RING 
Uns Z 


P 
DEGREE PICKUP 


S 
SCORING 


c 


ի "է Շ 


Ե 2. 
| վ zi 
ե ավ 
$2 8 
pum id 
eges S 


TEST PIECE 


աաա». Տ ao 
COLORING MUSHROOMING SCORING COLORING _ 


Table I—Summary of Properties of Common Bearing Materials 


| Brinell Hardness 


Material 


Tin- Base Babbitt 


20-30 


Lead-Base Babbitt 


Three-Layer 
Composite (Babbitt ) 


Alkali Hardened Lead 


2226 
3040 | 15 
20-30 | 20-23 


Cadmium Base 


Copper-Lead 


Tin Bronze 60-80 


Lead Bronze 40-80 


Phosphor Bronze 75 100 
45 -50 


40-60 
65-100 


Aluminum Alloy 


Silver (Overplated) 25 25 


15-20 | 6-12 
11-17 
60-70 


40-45 


_| Min. Shaft Load Max. Com- 


Hardness Capacity, 
Brinell psi Temp., F 
150 or less - 500. 300 


150 or less. ,200 300 


230 or less ; ,000 | 225- 300 


200-250 500 | 500 

200-250 ,500-2,000 | 500 
300 } 500 | 350 

300-2400 | ,000 | 500 
300 3, ,500 | 450-500 
400 000 | 500 
300 000 | 225-300 
300 000| 500 


* Arbitrary scale with 1 being the best material and 5 the worst. 
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ble, and there are many applications 
with non-corrosive oils for which it 
will perform as well as or better than 
եռ babbitt. — Antimony-arsenic-lead 
bearings have been giving excellent 
performance, for example, in large 
steam turbine thrust bearings. In these 
applications, the lead  babbitt has 
shown less tendency to score the steel 
runners than did the tin babbitt used 
previously. 

Compatibility tests indicate that tin 
babbit can run longer than lead babbit 
without damage after the oil supply 
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fails. Field experience bears this 
claim out. Table II shows the dwell 
period or no-wear time interval for 
one lead to two tin alloys, and this also 
shows their relative wear rates. Al- 
though the lead babbitt wore exces- 
sively when run dry, its performance 
in the one- drop-of- ‘oil tests was much 
better than that of the tin babbitts. 
The excessive dry-run wear was caused 
by heavy pickup or welding of the 
| abbit t to the steel shaft. This created 
a rough surface which quickly wore 
away the bearing material. The low 
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Operating patibilit Y | Embed- 


Conform- Շատի ջա 
ability— atigue 


Resist- | Strength 
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dability* 


la” bake 


- wi rin wan 


= 


wear, together with the low friction 
and a lesser tendency for scoring indi- 
cates that under lubricated and some 
boundary-lubricated conditions, lead 
babbitt should perform as well as or 
better than tin babbitt if other fac- 
tors, such as corrosion and fatigue 
strength, are within acceptable limits. 

All babbitts, however, are inher- 
ently weak, and high temperatures re- 
duce the strength even further. There 
fore, they are usually bonded to a 
stronger backing material such as 
bronze or mild steel. Thickness of 
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the babbitt lining varies with the ap- 
plication, but generally ranges from 
several mils in high output automotive 
engines to $ in. for turbine bearings. 
With thin linings, the strength is in- 
creased but conformability and em- 
beddability are reduced. A thickness 
of 0.001 to 0.005 in. is indicated by 
Fig. 5 to be optimum for long bear- 
ing life; more recent experience sug- 
gests that life decreases if thicknesses 
less than about 0.001 in. are used. 

A number of schemes have been 
used to improve the strength and fa- 
tigue resistance of babbitt bearings 
Most of these involve (1) a low-car- 
bon steel backing, (2) an interme- 
liate layer of a copper or bronze, and 
(3) an overlay of lead-base babbitt 
from about 0.005 to 0.020 in. thick. 
Ihe intermediate layer increases the 
strength and fatigue properties while 
maintaining the compatibility, em- 
beddability and conformability of the 
babbitt overlay. Bearings of f this con- 
truction are being used widely in 
diesel, automotive, and aircraft en- 
gines where reciprocating loads pre- 
dominate. One—a copper-nickel ma- 
trix type—is produced by a continu- 
ous strip process in which powder of 
60 percent copper and 40 percent 
deposited on a steel strip 
which then passes through a sintering 
furnace. Babbitt is vacuum-cast on the 
porous copper-nickel matrix to im- 
pregnate the pores and provide a sur- 
face overlay. Loads about 20 percent 
higher than with ordinary lead babbitt 
can be carried 


ու ke | IS 


Tri-metal bearings use an interme- 
diate layer of about 0.013 in. of either 
a copper-lead composition or a leaded 
bronze. This middle-layer is machine 
finished, and a thin overlay of babbitt 
is added by precision casting or plat- 
ing. Load carrying capacity ranges up 
to 3,000 or 4,000 psi as compared with 
about 1,500 psi for babbitt. 


Another composite bearing design, 


called the grid-type, uses a knurled in- 

terme: liat e layer of opper alloy or sil- 

ver to which a lead-base babbitt layer 

is applied by either casting or electro- 
r 

plating. The surface is then machined 

to produce a final structure consisting 


of a grid-work filled with lead babbitt 
Units of this type are now being used 
in some high output diesel engines for 
which the w orking loads are 4,000 psi 
or more 


Alkali-hardened Lead. Also classi- 
fied as white metals, are alkali-hard- 
ened lead, zinc-base alloys, and cad- 
mium-base alloys. Lead can be made 
as hard as babbitt by adding small 
quantities of calcium, tin, and mercury. 
This is similar to high-tin babbitt, ex- 
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cept for a higher melting point and 
an ability to retain bearing properties 
at higher temperatures. There are 
other alloys similarly hardened by 
adding alkali and alkali-earth elements 
such as calcium, barium, sodium, and 
lithium. All these, however, are 
highly susceptible to corrosion and re- 
quire careful control of casting and 
melting conditions. Also, they are 
difficult to recast without causing prop- 
erty changes. Therefore, they are 
looked upon only as possible substi- 
tutes when cost or non-availability of 
tin warrants their use. 


Zinc-base Alloys. During World War 
II, the Germans made many zinc 
alloy bearings which gave satisfactory 
service in varied applications. These 
alloys are considered to be substitutes 
for bronze rather than babbitt, even 
though their a and proper- 
ties are more like those of the latter. 

One such alloy with 3 percent 
aluminum and 1 percent copper was 
given compatibility tests. It performed 
poorly, giving high wear, heavy pickup 
on the shaft stecl, high friction, and 
short dwell times of only one or two 
minutes when run with one drop of 
oil. 

Other zinc alloys were also tested ; 
one having 4 percent aluminum and 
0.03 percent-maximum copper, and 
another containing 4 percent alumi- 
num and 1 percent copper. Like the 
German alloy, these exhibited high 
friction and wear because of welding 
to the shaft material. A common char- 
acteristic was the inconsistency of their 
behavior, possibly due to non-homo- 
geneity of structure. The die-cast form 
seemed to be superior to the sand or 
mold-cast alloys, especially in the 
case of the 0.03 percent copper alloy 
which, when die cast, showed the best 
compatibility properties. 

Zinc-base alloys containing several 
percent of copper and aluminum are 
reported to have been used successfully 
in many applications where loads are 
moderate and shaft speeds are above 
200 rpm, or where loads are approxi- 
mately 50 psi and speeds are less than 
200 rpm. In these cases, alignment 
must be good and adequate clearance 
maintained. 


Cadmium-base Alloys. Cadmium and 
steel have low affinity for each other; 
hence cadmium would be expected to 
have good compatibility characteristics. 
It is generally alloyed with 1.0 to 1.5 
percent nickel, or 0.40 to 0.75 percent 
copper and 0.50 to 2.00 silver. These 
alloys are usually equal to babbitts 
and surpass them in the high-operat- 
ing-temperature range. Their disad- 
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vantage lies in the fact that they 
even more susceptible than lead 
bitt to corrosive attack. Diffusing in 
dium into the working surface 
heat treatment helps, but also incre 
the cost of a bearing already ex; 
sive. 

A cadmium alloy with about 
արեք nickel, was given compatib 
tests on both soft and hardened s 
In both cases, it showed an outsta 
ing ability to run without wear 
over an hour with only one dro; 
oil, and ten minutes with no lub: 
tion. It showed less tendency tow 
welding or pickup than tin bab! 
but generally scored the steel m. 
Its ability to run for extended period 
with little or no lubrication expla 
its successful application to equipn 
where hydrodynamic lubrication is 
termittent or entirely lacking. Cad 
mium has found use, for instance. 
roll neck bearing in rolling mi 
High cost and limited availabi! 
however, have prevented much genc 
interest from being aroused. 


Copper-Base Alloys 


Copper-lead. The simplest type of 
copper-base bearing is the binary cop 
per-lead type which may contain 
much as 40 percent lead. In such 
material, up to 5 percent silver is often 
added to overcome the tendency o! 
lead to segregate. Uniformity of tl 
size, and dispersion of the pockets 
lead in the copper matrix becon 
increasingly difficult to maintain 
the lead content is increased. Hardness 
of copper-lead castings is no higher 
than that of the babbitts at room ten 
perature, but it is higher when th 
temperature approaches 300 F. Al 
though the fatigue strength is greater 
than that of babbitt, a steel backing 
usually is used for increased strength 
Their good fatigue strength and ger 
erally good bearing properties have 
led to use in automotive and air 
craft engines, and in some Diesels. 
The theory of operation of these 
bearings is that the lead is smeared 
by the journal to form a thin layer 
over the entire surface. If this layer 
is worn through, new pockets of lead 
are exposed to restore the surface. A 
plating of indium, followed by its dif 
fusion into the lead, is desirable fo: 
protection under corrosive conditions 
A thin plate of lead-tin mixture some 
times is applied to alloys containing uj 
to 30 percent lead. With higher lead 
contents, it is not considered necessary 
Two alloys (70 percent copper wit! 
30 percent lead, and 75 percent cop 
per with 25 percent lead) were giver 
compatibility tests and average dweli 
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ded Bronze. The leaded bronzes 
e lead contents ranging from about 
; 25 percent and contain about 10 
ent tin. The tin gives better 
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her hardnesses than are possible 
h copper-lead alloys. Hardness 
ges from about 40 to 80 Brinell. 
ic sometimes is used as a replace 
nt for tin; nickel or nickel and 
ver are often added to reduce sus- 
ptibility to corrosion. 
The strength of leaded bronze is 
nited at high temperatures by the 
weakening of the lead between the 
opper-tin grains and performance is 
x considered satisfactory at tempera- 
tures above 450 to 500 F. since the 
| tends to bleed from the alloy. 
Hardened shafts are recommended for 
with all bronzes. 
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Fig. 5—Effect of babbit liner thickness on the useful 
life of bearings for reciprocating type engines. 


Table II—Averaged Compatibility Data for Tin and Lead Base Babbitts* 


Tin Babbitt 

89Sn, 7.5Sb, 3.5Cu 
Tin Babbitt 

83.3 Sn, 8.3 Sb, 8.3Cu 
Lead Babbitt 

76.5Pb, 15Sb, 0.5Cu 
7.5Sn, 0.5As 


Tin Bronze. When the tin content 
I5 increased to trom 10 to 20 percent, 
and lead is added in amounts up to 
10 percent to aid machineability, the 
alloy is classified as tin bronze. Small 
amounts of zinc, nickel, or both, 
are sometimes included where great 
strength is required. Hardnesses of 
170 Brinell are possible, in which case 
the bronze is very brittle and has poor 
bearing properties. Alloys having in- 
termediate amounts of tin are ex- 
tremely useful where loads are 5,000 
psi or more. But since their bearing 
properties are relatively poor, all tin 
bronze bearings require good align- 
ment and reliable lubrication, as well 
as a minimum shaft hardness of 300 
to 400 Brinell. 

These bronzes are used for cast 
bushings in large volumes because they 
offer: (1) adequate bearing proper- 
ties; (2) excellent casting and ma- 
chining characteristics; (3) good econ- 
omy; and (4) the desirable absence 
of a bond to fail or a lining to wear 


through. Since alloys with a wid 


Mean unit lood 2,000 psi 


Critical 
zone 


range 
oped 

4 g cn api 
volved. f lso, 
that 
methods of 
greater than those caused by 
tion changes. The nx 


casting, chilling, machining 


Variations tused 


manut actur 


thods 
broaching 
furnishing, ctc., 
effects upon the compatibility 
acteristics as well as upon other phy 
cal properties 

A study ot wear rate was n 


several alloys containing bas 


can have prono 


the metals copper, tin and 
cluding two copper-leads 
of wear and 
with composition on a triangular 
ordinate graph shown in Fig 
region of lowest wear was found 
the vicinity of the composit 
cent tin, 19 percent lead, balance coy 
per. In almost every case 
wear rate 
scoring tendency 


scoring arc 


ton $5 per 


where ihe 
however 
high. Th 


which showed high wea 
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Was 
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terials 


30 % Pb 


~ —— 
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2040300 
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Eoch point designates the position of one alloy on the 


chort 


by its wear rate in mils per hr (under 


; , preceded 
lined) and followed by a coded description of its effect 


on the unhordened SAE 4140 steel ring (Refer to code 
chort in fig 4.) 


Fig. 6—Bronze composition on triangular coordinates 
bshows wear effects. Derived from compatibility data 


Coef. of [Dwell Time, 
Friction min 


0 
49 





* Run against unhardened SAE 4140 shaft steel ground to 8-16 rms microinches. 
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lVablc HI— Averaged Compatibility Data for Bronzes* 















Dry Wear Rate, | Dry Coef. | Oiled Dwell, 
Alloy in. /hr of friction min. 
Tin Bronze.. 0.067 0.36 3 
Lead Bronze.. 0.102 0.22 8 
Zinc Bronze. 0.010 0.44 151 


* 250 psi load; 700 ft/min surface speed, unhardened 4140 
shaft steel with F 3 finish 

















z 
Table IV—Compatibility Data For Aluminum Alloys* — $ 
ani ակնեն: ud iiM A. o 
Coef. of Dwell, = 
Alloy Friction min. e 
0.25 2 
87.8Al, 8Si, 3.5Cu -- ane տարածա 
0.7Fe 0.45** v 
95Al, 4Si, 1Cd 0.30 a 
91.5Al, 6.5Sn, 1Ni 0.33 3 
1Cu 
Dural 0.30 0 





* Unhardened 4140 shaft steel; F 3 finish; 250 psi load 700 





ft/min surface speed; lubricated with one drop of oil. 


** Run dry at 340 psi 


the other hand, generally exhibited 
little or no scoring. 

A summary of the compatibility tests 
with bronze is given in Table III. 
Outstanding performers among those 
tested were two alloys containing ap- 
proximately 35 percent zinc plus other 
constituents. Their wear rate was 
very low—about 10 mils per hour— 
and dwell periods were unusually long 
—ranging from 1 to 4 hours after a 
drop of spindle oil was applied to the 
steel ring. These alloys have been 
used in refrigerator compressor con- 
necting rods with success, and appear 
promising for other applications. 


Aluminum 


Aluminum alloys with characteris- 
tics specifically adapted to meet the 
requirements of heavy duty service are 
rather new. They offer excellent re- 
sistance to corrosion by acidic oils, 
good load-carrying capacity, fatigue 
resistance, and thermal conductivity. 

Trouble is sometimes encountered, 
however, with poor embeddability, 
scoring, seizure, high coefficient of ex- 
pansion, and the need for shaft hard- 
nesses of 300 Brinell or higher. Many 
alloys contain about 7 percent tin and 
1 percent copper with 1 or 2 percent of 
silicon or magnesium. The copper is 
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retained in solid solution to provide a 
moderate increase in strength and 
hardness. Nickel, silicon and mag- 
nesium introduce new phases of greater 
hardness than the aluminum matrix to 
improve resistance to scuffing and 
wear. 

The results of preliminary evalua- 
tions of aluminum bearings for elec- 
tric equipment have not been impres- 
sive. Thorough tests for possible 
application in steam turbine bearings 
indicate that operation with dirty oil 
Causes excessive scoring. In tests for 
electric clock motors, excessive scor- 
ing of the shaft was again encoun- 
tered. Preliminary compatibility 
studies for fractional-horsepower mo- 
tors suggests that ideal operating con- 
ditions are required. 

Typical compatibility characteristics 
of several alloys are summarized in 
Table IV. Although the coefficient 
of friction and the wear rate were not 
excessive, the short dwell period in- 
dicates relatively poor bearing proper- 
ties with all the alloys tested under 
conditions of poor lubrication. 

Aluminum-alloy bearings, however, 
have been used in Germany and else- 
where in Europe in reciprocating en- 
gine bearings, steam turbines, electric 
motors, rolling mills, grinding ma- 
chines, and a great variety of other 
applications. Satisfactory results are 








m 
լ 


PV values for- 
Bronze = 50,000 — 


fy = 

LII III 
200 400 600 800 1000 1200 

Lbs allowable bearing load / inch of bearing length for 

any dia of bearing 

(Lbs /in? bearing load = Values on this scale +dia in question) 


reported in diesel engines in this coun 
try, although particular attention is 
recommended in the machining of the 
running surface and to the clearance, 
lubrication, and thermal expansion. 

When the normally bad scoring 
characteristics of structural types oí 
aluminum are improved by alloying 
with tin or other elements, such as lead 
and cadmium, the resulting bearing 
material usually is quite weak. For 
this reason, a steel backing frequent! 
is used with a thin layer of bonded 
aluminum. Such a shell, has also 
helped to overcome difficulties with th: 
high coefficient of expansion. 


Silver Bearings 


Most silver bearings are of the 
three-layer type. The silver is used 
in its pure form, as electroplated on 
steel shells from a high-speed cyanide 
plating bath. It almost always is given 
a thin —0.0004 to 0.001 in.—coat 
ing of lead with approximately 5 per 
cent of indium flashed on and diffused 
into the lead to avoid corrosion by 
the lubricating oil. 

These bearings have an excellent 
record in the aircraft industry and are 
being used in other heavy-duty ap- 
plications. They hate outstanding 
dimensional and metallurgical uni- 


Propuct ENGINEERING — SEPTEMBER, 1952 


Fi; 
foi 








Table V—Compatibility Data for Carbon-Graphites* 








Material Wear Rate, in./hr Coef. of Friction 
Best f 0.0002 0.10 
Poorest ** 0.029** 0.61 
Mean 0.0015 0.21 


** Some materials shattered almost immediately upon application 
of load, so no wear rate could be determined. One such sample 
showed a coefficient of friction of about 0.7. 

t Many materials showed wear rates below 0.001 in./hr and coef- 
ficients of friction less than 0.20. 

* Unhardened 4140 shaft steel; F 3 finish; 250 psi load; 700 ft/min 
surface speed. 





Table VI—Compatibility Data For Plastics* 








~~ 
Dry Wear | Dry Coef. of | Oiled Dwell, 
Material Rate, in./hr | Friction min 
ZEN Li 2 eo rai £6 CH i+ 0.86 190-1125 
Nylon + Graphite..... 10+ 0.64 26 
TEN eee 0.37 0.17 0 
Tefion + Fiberglas..... 0.003 0.30 27 
Textolite** 2001........ 0.0007 0.18 45 
^ Textolite** 1835....... 0.008 0.21 0 
Textolite** 1841-A..... 0.30 0.47 55 
Fig. 8—(A) Typical steel-backed, babbitt-lined bearing 
for electric motors. (B) Carboloy combination radial- * Unhardened 4140 shaft steel; F 3 finish; 250 psi load; 700 ft/min 
ո) and-thrust bearing for high-speed precision grinders. surface speed ** Registered U. S. Trademark 
‘oun formity, fatigue strength, and load- Porous Bearings pregnation. _ When run dry or with 
n is carrying capacity. Their fatigue re- one drop of oil, these materials be 
f the sistance is so high that, in some cases, A porous bearing consists of a have like cast bronze, with dwell 
ance. the steel backings have been reported pressed and sintered metal alloy periods ranging from zero to several 
n. , to fail before the silver. Their powder, containing 10 to 40 volume- minutes. When impregnated with 
ring D capacity also is outstanding, with only percent porosity for storing lubricat- oil, a sintered bronze ran for more 
9 0 hard bearing materials operating under ing oil. It is self-lubricating in that than five hours without any wear at 
ying : ideal conditions being able to carry a rotating shaft causes a pumping 250 psi load and 700 fpm surface 
lead - greater loads and its high thermal con- action and also creates frictional heat speed. One oil-impregnated sintered 
ring է ductivity has proved helpful in remov- that aids the flow of oil through the Swedish iron ran for nearly 30 hours 

For ; ing heat. Yet, although a lead coating interconnected pores to provide a film at the above conditions, plus another 
ntl helps to relieve the problem of poor between the shaft and the bearing. hour and 40 minutes at 500 psi, before 
ded em eddability, silver bearings are still There is little leakage since the oil wear occurred 
also limited to applications where misalign- _ is reabsorbed into the bearing by capil- 
| th ment and dirt are not encountered. lary action and by cooling when the ji . 

Cost is a big disadvantage. shaft stops rotating. Other advantages Cemented Carbide 

One interesting use of silver is the are (1) bearings can be mass produced, 

plating of brass separators in high- (2) dimensions can be controlled ac- Pressed and sintered compounds 

speed roller bearings for aircraft gas — curately, and (3) cost is low. composed of particles of tungsten car- 

turbines. These bearings can operate Strength and load-carrying capacity — bide in a matrix of cobalt form a very 
the several hours without lubrication be- of porous bearings vary inversely with hard and wear-resistant material with 
ised fore failure occurs. This is attributed the amount of porosity. Bearings con- a Rockwell C-scale hardness of 90 
on to the fact that molten silver will taining 88 percent copper, 10 percent The advantages of using this hard 
lide not wet steel and does not readily tin, and. 2 percent graphite have and dense material in bearings arise 
ven transfer to the mating steel surfaces. operated successfully at m loads from the high modulus of elasticity 
oat Therefore, welding and seizing of with a porosity of 10 to 15 percent. and rigidity, plus the relative ease of 
per bearing parts are largely avoided. They are not, however, suitable for obtaining a good surface finish. Clear- 
sed Compatibility tests made with silver- applications that combine high speed ances can be held to a few tenths of 

»v plated brass running against AISI with heavy loads nor should they be a mil. 

: 52100 roller-bearing steel gave a low used where large impact loads are ex- Tests of carbide journals running 
lent wear rate, excellent dwell characteris- pected. Fig. 7 gives an indication of with carbide bearings have shown 
are tics, and a complete absence of pickup. the permissible load capacity. that higher loads and speeds can be 
ap- This suggests that silver plating might A few compatibility tests have been used than with any other known ma- 
ing be useful in other applications where run on sintered materials, these being, terials. In one case, a load of 28,800 
ini- inadequate lubrication exists. for the most part, without oil im- psi was applied at 300 rpm on a tur 
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oil lubricated bearing befor 


failure by seizure occurred 
Compatibility tests were made with 

tungsten carbides running against 

tungsten carbide, chemically dry, at 


)՝ 


0 psi load and 700 feet per minute 
surface 5| eed. No wear occurred, but 
operation was rough and chattering 
Friction values increased with increas 

percentages of cobalt in the test 
piCces, as illustrated below: 


Coefficient 
of Friction 


10 ^ 0 54 


Ihe only effects of the tests were 
in uneven dark coloration of the path 
n the ring and a polishing of the con- 
ting area of the testpiece. The 
chattering suggested an intermittent 

izing-and-release type of operation, 
which was possible because the load- 
ing spring allowed the test-piece to 
imp back slightly to free itself with- 
Out extensive damage. To prove or 

prove the once prevalent belief that 
'sten carbide shafts would run 
sfactorily in bearings of the same 
aterial when px rfectly dry, a test 
was made. Seizure resulted immedi- 
itely with the application of insignifi- 
cant loads. Operation at zero load with- 
out lubrication required perfect align- 
ment; it then was possible to use air 
pumped by the rotating shaft as the 
lubricating medium 

Unfortunately, alignment problems 
pose a serious drawback to extended 
s€ of cemented carbide for bearings 
ecause these materials possess neither 


informability nor embeddability to 

ompensate for misalignment and 

Use is limited also by the high 

st Of materials and the manufactur- 
ing pro 5 $ f ԼԱԼՐ | 


Cast Iron 


Cast iron has been used occasionally 
with some success as a bearing mate- 
rial for low-speed applications. The 
flake graphite present in certain forms 
is probably the main factor which 
allows this metal to support a slowly- 
rotating shaft without seizure or wear. 
Higher speeds can be used if good 
lubrication, close alignment, and free- 
dom from dirt are provided as in her- 
metic refrigerator compressors. Under 
less favorable conditions, operation is 
unreliable and seizure may occur sud- 
denly with severe damage to the shaft 


Graphite Materials 


Ihe carbon-graphite materials com- 
monly used for brushes in electric 
motors and generators are now made 
in a variety of shapes and sizes for use 
as bearings. With poor lubrication, 
these bearings are useful because of 
their inherent lubricity and high wear- 
resistance. 

Their low coefficient of expansion, 
approximately one-third that of steel, 
must be considered to avoid loss of 
clearance when running temperatures 
are reached. This ditficulty can be 
reduced by using graphite inserts in 
stecl housings. Such a construction is 
particularly helpful in eliminating dif- 
ficulties arising from the brittleness 
of the graphite mixture. 

ome grades of graphite are im- 
pregnated with a molten metal, such 
as babbitt, copper, bronze or silver. 
This is reported to improve strength 
and heat-dissipating ability, and to 
permit use where lubrication is im- 
possible because of inaccessibility or 
extreme temperatures. 

Table V is a summary of compati- 
bility tests on more than 50 different 
grades of carbon-graphite. The results 
indicate that careful choice of grade 
should be made because of the large 
differences encountered. A transition 
period occurred when the material was 
started with oil and then allowed to 
run dry. During this period, the wear 
products apparently combined with 
the remaining oil to produce a gummy, 
sticky surface which caused high fric- 
tion and high operating temperatures. 
During the tests, this period was 
passed safely and conditions reverted 
to those of dry running. In an actual 
bearing, however, the expansion of the 
shaft by the heat could cause seizure. 
Therefore, those materials probably 
can be used best perfectly dry wher- 
ever a chance exists that only boundary 
lubrication will be present. 


Plastics 


Plastics represent a bearing mate- 
rial entirely different from those pre- 
viously reviewed. ^ Although most 
plastic bearings have consisted either 
of phenolic resins, or of nylon, no 
limit seems to exist in the possible 
variety of compositions that might be 
used. General advantages include 
light weight, good resiliency and easy 
machinability. Poor thermal con- 
ductivity and poor dimensional sta- 
bility are their drawbacks. The long 
dwell periods observed in the com- 
patibility test data of Table VI reflect 
their ease of lubrication. 

Many laminated phenolic plastics 
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have found use in recent years as | 
ings in machines ranging from rol 
mills, marine equipment, and he |, 
steel-mill equipment, to electric clo x 
and small instruments. Evaluati. as 
for their applications in switchg 
have indicated that these bearings 
(1) outstanding in carrying dou 
the 7000-psi load possible with bro: 
(2) end up very well under sex 
impact and shock loads because oí 
their high resiliency, (3) have a low 
coefficient friction, and (4) requ 
less machining then do metal be 
ings. Ordinary petroleum greases 
used as lubricants in this type of a 
plication, while water generally is uscd 
as a lubricant in steel mills and 
marine service. Soluble oils and 
graphite in the water are reported 
give more efficient operation. 

Nylon has been used recently 
thousands of small bearings for lightly 
loaded applications in household app! 
ances, toys, bicycles, and various i: 
dustrial equipment. This material has 
almost completely replaced wood in 
such applications and appears to lx 
finding a consistently widening field 
of use. The compatability test data of 
Table VI indicate, from the very long 
oiled dwell periods, that little lubrica 
tion is required. Under heavy loads, 
however, rapid wear and melting of 
the nylon might be encountered be 
cause of its low thermal conductivity 

Teflon is now being used in some 
applications. It has been of particular 
interest for use with corrosive fluids, 
such as might be encountered in the 
chemical industry. Its present high 
cost limits use largely to special ap- 
plications where ordinary bearing ma- 
terials are unsuitable. Sintered copper 
impregnated with Teflon has been 
reported to give a coefficient of fric- 
tion of only 0.05 at temperatures up 
to 250 C, and further evaluation 
should prove most interesting. 
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Fig. 1—The heavier yellow and olive 
drab chromate films are used as a final 
protective finish for zinc and alu- 
minum die cast parts and stampings. 


Chromate Protective Coatings 


Non-porous chromate films provide effective, low cost surface protection 
for non-ferrous metal, both as a final finish and as a base for paint. 


The chromate finishing process is both economical and easy to control. 


C. W. OSTRANDER 


Service Mgr., Allied Research Products, Inc. 


CHROMATE SURFACE TREATMENTS for 
metals effectively and economically 
serve three distinct purposes: 

(1) They prevent or reduce metal 
loss caused by corrosion. 

(2) They provide a firm and in- 
timate bond for paint. 

(3) They adem the surface ap- 
pearance of zinc and cadmium plate. 

In addition to their effectiveness in 
these fields of application the chro- 
mates have the added advantages of 
good electrical conductivity and weld- 
ability and can be applied rapidly with 


simple equipment. The chromate 
process is economical and easy to con 
trol. 

These finishes have been success 
fully applied to zinc, cadmium, coppe 
brass, bronze, magnesium and, more 
recently, aluminum. 

The chromate protective film, es- 
sentially of a neus chromium- chro 
mate nature, is produced by chemical 
reaction of the chromate solution with 
the metal surface. It is an integral 
part of the metal surface, rather than 
a superimposed film, such as paint. 
However, the amount of metal that 
enters into the reaction is extremely 
slight and dimensional stability of 
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most close 
inaffected 
film is estimat 
order of 


even th 
faces is 
of the 
).00001 լո } 

The chromate film 15 1 
non-porous and gel-like 1 
It is the freedom from porosity that 
provides the effective 
tion not obtainable by 
treatments, 
organic coatings. 

The color of these coatings is de 
pendent upon the thickness of the film 
Thin films are transparent. At 
mum film thickness the color is yellow, 
bronze or olive drab, depending upor 


^ ! JU | 
the base metal and formula used. Thes 


corrosion prot 
մ i 
other surfaí 


such as phosphates or 
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Fig. 2—For plated parts chromates are used to prevent clouding of copper under chrome 
plate, (the motorcycle rim) and as a protective film over zinc plate. In the case of 
zinc plating a lacquer is applied over the chromate film to resist abrasion. 


natural hues have no appreciable hid- 
ing power. Consequently the surface 
appearance is governed by the condi- 
tion of the underlying metal surface. 


Corrosion Resistance 


The factors contributing to the good 
corrosion resistance of chromate films 
are their intimacy of contact and their 
amorphous, non-porous nature. The 
degree of corrosion resistance is gov- 
erned by the thickness of the film and 
the chromate composition. The pri- 
mary factor is, however, film thickness 

the thicker films contributing to 
greater corrosion resistance. 

The chromate films prevent Jateral 
spreading of corrosion because of their 
sealing action. They also have the 
characteristic of leaching over into a 
scratched area to provide renewed pro- 
tection. 


A Base for Paint 


The advantages of chromate as a 
base for paint are: corrosion protec- 
tion, աան adhesion, low absorption, 
effective surface sealing and good film 
repair qualities. 

The adhesion of paint to the film 
is effected through molecular attrac- 
tion, in contrast to the mechanical type 
bond provided by the crystalline type 
surface treatments. Molecular bend- 
ing is characterized by its outstanding 
intimacy of contact and bonding 
strength 
The non-porous, amorphous struc- 
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ture of the film prevents any appre- 
ciable absorption of paint. Conse- 
quently, less paint is required to cover 
a designated area. 

The sealing characteristic of these 
finishes provides adequate protection 
against penetration of moisture 
through the pores of the paint film to 
the metal surface. It prevents the 
formation of metallic soaps and re- 
duces peeling on exposure. This seal- 
ing quality also provides protection 
against the lateral spread of corrosion 
beneath the paint film. The chromate 
films are equally protective under 
baked or air dried organic finishes. 


Varying degrees of protection can 
be obtained by manipulation of pro- 
cedure as well as by variation of film 
thickness. The life of an ordinary 
finish is a function of a system of pri- 
mers and finish coats—the primer coat 
affording a degree of corrosion resist- 
ance. A thin film of chromate could 
be used to supplant a primer coat and 
one or more finish coats applied over 
it. Or, a primer can be applied over 
a chromate film prior to finish coating. 
A number of systems of finishing can 
thus be built up by varying these com- 
binations. լ 

The flexibility of coating selection 
and finishing system is an added ad- 
vantage of chromate coatings 


Decorative and Plating Finishes 


An interesting development in chro- 
mate treatments is their application 


- 


over zinc plating to produce a firish 
with the €— and corrosion «e 
sistance of chrome plate. This i 
complished by first depositing a : 
erately heavy chromate film on 
bright zinc plate. The predomin: 
yellow color of this film is bleached 

in a bleach bath without dangero 
reducing the film thickness. Th: 
maining red, blue and green hues 
then filtered out by applying a coa 
clear lacquer on the surface. 
finished product is bright and chro 
like in appearance. Good corro 
resistance is provided by the mo 
ately thick chromate film and p 
abrasion resistance by the lacquer « 

The bright chromated zinc-plate «. 
be used effectively and economica 
as a replacement for chrome plate i: 
many applications such as home ap; 
ances, automobile trim, jewelry, ha 
ware and refrigerator shelving. 

The undesirable clouding of copper 
plate beneath chrome plate can be p: 
vented by applying a chromate fi 
to the copper p t^ chrome plating 
The final result is a brighter chro 
plate 


Dyed Colors 


If colors other than the natural tints 
are desired on metal parts, without 
resorting to painting, dyes can be used. 
Either the yellow or olive drab films, 
while wet, can be dyed red, blue, 
green or black. The intensity of the 
color will vary depending on the orig 
nal thickness of the chromate film 
Dyeing does not effectively hide the 
surface irregularities of the metal. For 
a smooth glossy appearance the under- 
dying metal di be polished. The 
dyes used have satisfactory color fast- 
ness for indoor applications but tend 
to fade in outdoor applications when 
exposed to direct sunlight. 


Functional Properties 


Unlike organic or oxide films the 
chromates have low electrical resistance 
to direct currents and to low and high 
frequency alternating currents. This is 
of considerable advantage in ele 
tronics. Protection can be applied to 
chassis shields, mounting brackets 
wave guides and connector plugs with 
out interfering with the electrical char- 
acteristics or ground connections. Di 
rect current measurements, see tabl 
indicate that even though the resist 
ance of chromated aluminum is severa! 
times that of the clean metal, it 
well within the allowable 500,00 
michrohm ground resistance. 

For high frequency use of aluminu: 
it has been established that no pra 
tical difference in the circuit result 
from the use of chromate as a prote 
tive treatment. 








Propuct ENGINEERING — SEPTEMBER, 1952 














a fi 
sior 
S i 
11 
on 
ina: tly 
hed out 
lero 
The 
lues 
coa 


chro 
yrros 
mo 
dg 
er ¢ 

late 

ymica 
plate 
€ api 
y, ha 


Copper 
be pre- 
te fili 
platir g 


chroi 


ral tints 
without 
ye used. 
» films, 
, blue, 
of the 
e origi 
e film 
ide the 
al. For 
under- 
|l. The 
or fast- 
it tend 
; when 


ms the 
sistance 
id high 
This is 
| ele 
lied to 
rackets 
s with 
ıl char- 
s. Di- 
table, 
resist 
several 
"Uo EX 
00,00 


minut 
) pra 
result 
prote 


, 1952 





ԱԱ ԳԱԱ ԱՐ ԱԱ ԱԱ ՄՐ" 


EET ARE 


he weldability of chromate films 
ts storage of treated sheet metal 
| eliminates the necessity for clean- 
r: the sheet prior to welding. 


Metals Treated 


Up to this time the major 
portion of chromates has been 
lied to zinc—primarily die cast- 
x but also including sheet, plate 
1 galvanized. 

Die cast zinc parts have been effec- 
vely protected by the heavier yellow 
d olive drab chromate films that are 
d either as a final finish or as a 
ıse for paints. The corrosion resist- 


ance of the film depends also on the 


lloy being coated. The higher the 
ypper content the lower the corrosion 


resistance. 


Bright chromate films cannot be 
satisfactorily applied to die-cast zin 
surfaces. To obtain a bright appear- 
ance the casting should be zinc plated 
and treated as mentioned above for 
bright zinc plate. 

Sheet, strip and hot dip galvanized 
zinc can be chromated to all the afore 
mentioned color effects. The appear- 
ance of the underlying surface of the 
plate or galvanized will show through 
the chromate films. Sheet and strip can 
be buffed prior to applying the protec- 
tive film to enhance the final finish. 


Aluminum—The chromate used to 
protect aluminum forms a somewhat 
harder film than those on zinc and 
cadmium. It does not have the hard- 
ness or abrasion resistance of an ano- 
dized (aluminum oxide) film. It will 
however resist abrasion of a non-cut- 
ting nature and will withstand cold 
forming operations. 

Treatment of aluminum with chro- 
mate does not produce embrittlement 
such as experienced on light gage wire 
or sheet after anodizing. 

The intensity of color and degree 
of corrosion resistance are affected by 
alloy content of the aluminum as well 
as by film thickness. If immersion 
time is limited to 30 seconds the film 
generated is transparent and conse- 
quently does not affect the surface ap- 
pearance. 

This chromate treatment has proved 
beneficial on all alloys and forms 
tested, including work hardening and 
heat treatable alloys in rolled, drawn, 





Fig. 3—Chromate treated zinc plate plus a lacquer (door handle) is an effective sub- 
stitute for chrome plate. The tubes are chrome plated over copper plate. The tube on 
the right had chromate treatment prior to chrome plating to prevent copper clouding. 


extruded, sand cast, permanent mold 
cast, and die cast shapes. The number 
of hours in salt spray to first signs of 
white corrosion varies in the same 
order as the inherent resistance of the 
alloy itself to salt spray attack. In 
general, the salt spray resistance is in- 
versely proportional to the copper con- 
tent of the alloy. High copper alloys, 
5 to 10 percent copper, show first signs 
of breakdown in 50 to 200 hours salt 
spray. Alloys containing copper only 
as an impurity show first signs of white 
corrosion in 250 to 1000 hours. 


Copper and Copper Alloys—On cop- 
per, brass and bronze the chromate film 
prevents staining and tarnishing and 
provides good paint adherence and 
protection. It also can be used to pre- 
vent clouding of copper and brass 
plate. This condition is a common 
cause for rejection of copper and brass 
plated parts. There is no appreciable 
effect of chromate films on the electri- 
cal characteristics of copper or on the 
weldability of copper alloys. 





Tre atment 


Cleaned Aluminum 
\luminum plus Iridite £14 
\luminum plus Anodizing 
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1500 microhm 
S000 microhms 
over 88 ohms 


Electrical Resistance 


10 psi 100 psi 


500 microhm 
1900 microhms 
over 88 ohms 
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Application Technique 


Chromate surface treatment is essen- 
tially a short dip process although 
spraying can be used with the proper 
chromate formula. For dipping, the 
immersion time varies roughly from 
10 seconds to 2 minutes. In some 
cases 3 to 5 minute immersion times 
are used for aluminum. Zinc and 
cadmium ordinarily operate between 
10 and 30 seconds. After dipping, the 
parts are rinsed and dried by normal 
methods—a hot rinse and air dry, for 
instance. If dyed colors are desired 
it is necessary to introduce a dye tank 
and subsequent rinse. Or if bleach- 
ing is required bleaching tanks must 
be installed. 

All chromate solutions are acidic in 
nature. To prevent neuttalization a 
good rinse is needed if parts are 
cleaned in alkaline solutions prior to 
being chromated. 

The composition of the chromate 
and the immersion time can be varied 
to suit operating conditions. For in- 
stance, il a machine is designed for 
fixed indexing times formulations can 
be offered to suit the operation of the 
machine cycle. In some cases the equip 
ment can be designed in accordanc 
with the requirements for the most 
effective chromate solution. In any 
case, however, a knowledge of the 
end users’ requirements is esse ntial to 
proper selection of chromate bath com 


position 
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Oil drilling drawworks set up for factory test. 
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eft-hand control panel contains levers that operate 
lutches and mud p imp clutches (b) Right-hand 
1el contains compounding clutch controls that 

ng the engines separately or together. All three 


(b) 


Bringing the controls of 13 different pneum.tic 
systems out to one console permits easy operation 
of the oil well drilling drawworks built by The 
Wheland Co., Chattanooga, Tenn., from one re 
mote location. With gages and meters the operator 
can tell at a glance the running condition of any 
part of the machine and can control any operation 
except engine starting from the console through 
hand and foot controls. 

Heart of the drawworks is the pneumatic system 
by which the operator sitting at the control con- 
sole can regulate the speeds of the drawworks 
components. Similarly the drawworks drum, the 
bailing drum and the high speed rotary (that drives 
the drill bit) can be clutched in or out. 

In this unit, the pneumatic system is designed to 
control three engines. Usually No. 1 engine drives 
the drawworks transmission and rotary. Air com- 
pressor and pumps are powered by No. 2 engine. 


Throttles 


No. 3 eng No. 2 eng No 


FOCO 
A 


Hoist Boing 
Drum Drum 
Rotary 


engines, two engines or one engine can drive the pum 
on the drawworks and rotary as required; also any engir 
may be shut down and the equipment operated by t! 
other engines. (c) Control panel puts controls with: 
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tro] | Drawworks from One Movable Console 


Instrument pane! 









Controls are designed and interlocked with 


neum .tic relays so that it is impossible to jam the trans- 
Operation mission. When the operator throws either the 
t by The reverse lever or a jaw clutch lever, the engaged : 
ED m air clutch in the drawworks transmission automati- Լ ; i OU 
Operator cally opens and the neutral brake sets before the E" 
n of any indicated operation can take place. 
eios Main hoist drum drive is through a multiple 
through disc air tube clutch. Other friction drives are Air- 


flex clutches, as are the neutral and rotary brakes. 
All Airflex units are equipped with quick release 


ic system 


trol con- 

awwork T 

ins s Compounding clutch permits using one, two or 
» the ` ' 

iat dri three engines to drive each of the components. 
IVes 


When the operator throws the lever to engage 
the engine compounding clutch, the engine throttle 


Mgned to actuators are automatically synchronized. This 





ne drives A լ contro 

bae allows the operator to accelerate the engines in Send 

aca unison with the foot pedal or No. 1 engine throttle. 

' engine. | 
I 
| 
i 
' 

Engine Clutch Speed | 
No.5 No2 Nol / 2 3 
3 . No./eng eng eng eng 
; ա 
A բ. No. 2 eng A. 2 mud եաց a f Compound 2 
r i pump pu rake 
Vo/?rriefer fach — 
Neuf ; / \ 
FN ee 
Tong No. 3 eng Rotate Oil Bailing Hoist Hoist Air 
5 fach «ՌԻ clutch brake sap 
ET forvard Cathead 
evers 
Rotary 
pum sy reach of operator. Bailing controls (absent in con- operator air pressure in main supply and principal clute 
engi le photograph) are optional equipment. Controls are lines. Oil pressure gage, engine tachometers and volt 
bv t! designed and interlocked with relays that it is impossible ^ meters complete the picture of the equipment in operatio! 
withi o jam the transmission. (d) Instrument panel shows (Continued on j 
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PRODUCT DESIGNS 


Pneumatic Systems Control 
Drawworks from One Console (continued) 
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«Engine clutch coupling 
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Pump drive clutch. 
coupling 


SCHEMATIC DRAWING of drawworks shows detail 


of component locations. The spooling drum brakes are 


simple spring-energized non-kicking band brakes, cooled 
by circulating water. Dynamic brake is connected 
flexibly to drum shaft and permits setting of slips with- 
out use of the friction brakes under normal operating 
conditions 
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13. AIR SUPPLY SYSTEM dx 





APPLIED POSITION 


RELEASED POSITION 


SCHEMATIC DRAWING of pneumatic systems in draw 
works, Air compressor driven from No 2 engine shaft 
supplies air for all systems. Extensive use of pneumatically 
operated relays interlocks driving controls to prevent jamming 
of transmissions. All air clutches and the neutral and rotary 
brakes are — with quick release valves. Bailing and 
spooling drum brakes are spring set and air-released. 
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WESTINGHOUSE RELAYAIR VALVES (insert) permit 
interlocking of controls. Pilot pressure enters through 
passage to chamber above diaphragm (1). When pressure 
reaches spring setting, diaphragm, and its follower (2) 
move downward compressing spring (3) and seating 
exhaust valve (4) on the top of supply valve (5). As 
downward movement continues, supply valve (5) moves 
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away from its seat, compressing spring (6). The exhaust 
valve (4) closes exhaust passage (7) while supply passage 
(8) is connected to delivery passage (9). When pilot 
pressure is vented, spring (3) returns diaphragm follower 
(2) and exhaust valve (4) to their upper positions, unseat- 
ing the exhaust valve. Spring (6) then seats supply valve 
(5) and closes supply passage (8) so valve exhausts 
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An aircraft fire detection system that will 
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not give false alarms but will still give 


i 
8 
quick positive indication of a real fire has 3 
been developed by Walter Kidde and Com- 4 
pany, Inc., Belleville, New Jersey. In the i 
past, false alarms have been the main objec- 
tion to most systems because they weakened 10° 


the pilot’s faith in the system. 


Kidde's answer to the problem is the 
— — continuous ceramic sens- 
in? unit pictured here. The sensing ele- 
ment consists of two small Inconel con- 
ductor wires surrounded by an insulating 

mistor ceramic. At normal temperatures, 


Resistance, ohms 
2 


e ceramic offers high resistance to the flow 
rrent between the wires. But when sub- 
jecced to the high temperature of a fire, the 
resistance of the ceramic drops rapidly and 
permits a flow of current between the two 


wires. 






The monitoring control unit receives this 
current and activates an alarm when a pre- 
determined temperature is reached. When 
the temperature returns to normal, the re- 
sistance of the ceramic is restored and the 
larm shuts off indicating the fire is out. * 






These design features prevent false CHARACTERISTICS of sensing element. System can be set to give 

alarm at varying temperature. If system is set to give alarm when ceramic 
resistance is 10* ohms: a temperature of 720 F on one foot of element 
will give an alarm; a temperature of 625 F on 10 ft; or a temperature 
an alarm signal caused by inductance with of 575 F on 20 ft of the element will give an alarm. 









alarms: 


1. Completely shielded circuit prevents 


Thermistor Sensing Element Rids Aircraft 


ather 








electrical wiring. It also prevents 











possible radio interference. 


pee es SO 


Hermetically-sealed sensing element 
eliminates possible short circuits caused by 
moisture. 


ea 


There are no moving parts like relays 


to stick or malfunction. 











hed 


, 


4. AN electrical connectors, sealed type 










with coupling nut, prevent loose contacts PTL TET IT 


3 jT AP aaa a 
Because the sensing element is in wire Ahh ———————! 
form, it may be wrapped around a power : 


and afford vibration-proof connections. 





Fi kee 


plant to permit detection of fires formerly 
not reported by unit detectors because of 





stratification of the flame. This entire sys- 


— t FIRE SENSING ELEMENT. Thermistor ceramic is extruded around 
tem is fireproof and cannot be knocked out conductors like TESS and an additive causes it to form bead-like 
of service by a fire. pieces when fused. Ceramic is bonded chemically and physically to wire. 
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Electronic control 


Pin 


Socket connector 


connector 


Shock —* 


mount 


Straight connector 
Sensing 4 A less mounting 
element flange 


Sensing element E. c 
end connectors z Straight 
E connector with 
mounting 


á flange 
2 


Elbow connector Grommets to support sensing element 


COMPONENTS of Kidde continuous aircraft fire detec- in braided stainless steel shield to provide flexibility 
tion system. Heavy connectors are used to provide fire points where there are large magnitude vibrations. Outsid 
resistance and shock resistance. Elbow and straight con- tubing of inconel on sensing element makes unit ductile and 
nectors carry system through fire walls and bulkheads. corrosion resistant even after exposure to high temperatur 
Socket and pin connection carry 2-conductor fire zone wire Electronic control box is mounted on vibration mounts 


Fire Detection System of False Alarms 


à PF s á - ' i 
SCHEMATIC CIRCUIT DIAGRAM. Circuit is shielded applications where sensing element is subject to gun fir 


to prevent radio-interference and false alarms caused by Army-Navy connectors are used to prevent loose cont 
inductance. An alternate sensing circuit is used in military and afford vibration-proof connections 
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PRODUCT DESIGNS 





Quill and 
Coupling Isolate 


Drive from Load 


in Liquid Mixer 


To protect drive gearing from vibration 
and shock loading caused by shaft flexure, 
the Mixing Equipment Company, Roches- 
ter, N. Y., designed a complete line of 
liquid agitators so that the mixer shaft is 
placed inside a hollow quill. The shaft is 
connected to the quill by a flexible coupling. 

The quill is mounted on separate heavy 
duty ball or roller bearings that are lubri- 
cated by grease fittings, while the mixer 
shaft bearings are prelubricated adapter- 
type ball bearings with synthetic rubber 
seals. 

Since the mixer shaft is supported inde- 
pendently, different shaft diameters, lengths 
and materials can be used without changing 
the drive. The shaft can be removed upward 
or downward. 

Up to sixteen different mixing speeds are 
possible with the unit and speeds can be 
changed without disassembling the entire 
mixer or removing it from the tank. Desired 
speeds are set up by removing the change 
gear housing and putting in the proper 
change gears. 

Three different drive assemblies are avail- 
able: (1) a single reduction, in which the 
high speed shaft drives the bevel gears 
directly; (2) a double reduction, in which 
the high speed shaft drives the bevel gears 
through the change gears; and (3) a triple 
reduction, in which the high speed shaft 
drives the bevel gears through the intermedi- 
ate gear assembly and the change gears. 

Called the “Lightnin’ Mixer,” this unit is 
available in sizes from 1 to 500 hp. Acces- 
sories convert the standard drives to open- 
tank, closed-tank or bottom-entering mixers 
in a few minutes. 





136 
































MIXER (with accessories for open tank operation) is designed for fluid 
mixing. 16 standard speeds are built into the drive and the unit is 
converted from one speed to another by a simple gear change. 












Mixing shaft beoring 


Mixing shot? 
flexible coupling 


Flexible | | Quili bearing 


Spiro! bevei 
geor and 
լ pinion 


Quill bearing 


POWER TRANSMISSION. High speed shaft transmits power fro: 
motor to change gears through flexible coupling for double reductio 
as above, or through intermediate gear assembly for triple reductio: 
Change gear drives bevel pinion that meshes with the quill-drivin 
bevel gear. Flexible coupling connects hollow quill and mixer shaf 
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CUTAWAY VIEW shows detail of flex-protected construction for standard drive. 
matic diagram (right) that shows how the mixer shaft is coupled to the hollow quill. Flexible coupling isolates 


drive from load to protect gearing. Mixer shaft bearings are pre-lubricated adapter-type ball bearings. 
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GEAR LUBRICATION. Large change gear (A) lubricates STUFFING BOX for closed-tank assembly is 
pinion (B) and pumps oil to reservoir (C). Oil flows by gravity designed for pressures from full vacuum to 150 
o bevel gear ամ pinion (D). Bayonet type oil level gage (E) psi, and temperatures of from 0 to 300 F. Drawing 
gives position indication of oil level. Oil dam (G) is leakproof, shows the seven packing rings and packing separators 
doe well above oil level. that distribute gland pressure over the packing face 
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Electric Eve 


Corrects Tilting 


A photoelectric cell, controlling the out- 
put of an amplidyne generator that supplies 
a transfer pump motor, corrects tilting of the 
ram in hydraulic press brakes made by the 
Version All-Steel Press Company, of Chicago, 
Illinois. Any tilt of the ram raises or lowers a 
barrier suspended between the photoelectric 
cell and the light source. And barrier move- 
ments as small as one thousandth of an inch 
are transmitted through the electronic control 
to change the speed and direction of the oil 
flow from the transfer pump. When the 
ram is not level, correction is made at a rate 
proportional to the amount of tilt. 

Transfer pump drive makes up a regulating 
system that controls the position of the mov- 
ing barrier so as to balance an electric feed 
back signal against a reference signal. 

When the ram is level, the barrier is cent- 
ered in the light path, so that the error signal 





is zero, and the transfer pump drive is station- 
ary. If the barrier is moved, light transmitted 
to the phototube is increased or decreased, and 
the feedback signal is increased or decreased. 
This produces an error signal which causes 
the transfer pump drive to correct the non- 


level condition. 


Fulcrum Balances 


Floatless Humidifier 


In redesigning a humidifier for home fur- 
naces to save brass and copper, the Bettinger 
Corporation of Waltham, Mass. came up 
with a porcelain enameled steel unit that is 
automatic and does away with the float 
chamber and float valve required in former 
designs. 

By mounting the tank on a fulcrum, the 
weight of the water is used to tilt the tank, 
which then closes the oversized-orifice intake 
valve to shut off the flow. Operation is not 
affected by changes in line water pressure or 


valve clogging. 
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HYDRAULIC CYLINDERS, supplied by individual pumps, drive ք 
each side of the ram on this 1,000 ton press. Controlling the level si 
during ram travel is a major problem because of inequalities in th b 
pumps as a result of slip in the pistons and unequal pump loading Է 
Transfer pump can take oil from either line and put it in the oth Տ 
line to equalize these differences and keep the ram level. Transfer | 
pump drive and controls make up a regulating system that supp! S 
a reference signal. The ram moves the barrier to produce a sign: à 
from the photoclectric cell that is opposite to the reference signal t 





Wafer 
met 1 “Copper mesh filter 


Over flow 


ytlet nipple ee 


PORCELAIN ENAMELED-STEEL replaces copper in new float! 

humidifier. Resistance to heat, moisture, corrosion and rust makes 
it a satisfactory substitute material. Elimination of float chamber and J 
valve reduces amount of brass in device. 
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PHOTOELECTRIC DEVICE. 


. Suspension? 
connection . 
"fo rom 


Barrier suspen- 


sion is such that its vertical position is unchanged 


լ 


by the tilt of the ram. 


by vertical movement of the ram, but is affected 
Ends of the suspension 


system are connected to stationary members of 
the press. Coil spring maintains tension on the 
suspension but allows necessary change in length 


and movement of the barrier during tilt. 


Prede- 


termined tilt is set up by level adjustment. 


Evaporating 
fins ~. 


~ - Evaporator 
^. rack 


Porcelain 
ename/ stee/ 
tank 


valve 3 
pring ae Orifice 
ը 
— ^ ~- Neoprene 
sv woshen 
alve assembly 


Water iniet x 
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Ap |i 


Flushing 
bor 


NEW DESIGN. Entering water passes through 
rifice valve held open by spring pressure. Water 
lls the tank balanced at the fulcrum. Weight of 
vater in long end tilts tank and closes orifice. 
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SCHEMATIC SKETCH OF CONTROLS 
photoelectric cell is balanced with refer 
pump drive. Any unbalance ma 
carried to the amplidyne amplifies 
and speed of amplidyne 

motor. 


trom transfert 
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System is always atiem} 
zero by producing a feedback 
ence signal. When error 

drive is stationary. 


Evaporating 
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OLD DESIGN. Water enters into float chamber and as it fills 
chamber, it passes through connecting nipple into copper 
Rising water raises float shutting water supply off. FI 


loat valve is 
subject to clogging and leaks if inlet water pressure is too high. 


tank 
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PRODUCT DESIGNS 


Extensometer Contacts 


Bolt Ends in Tensile Test 





To avoid errors from shifting of grips and seating of bolts 
during tension tests, a new extensometer contacts the center of 
the test bolt’s ends to make direct and exact measurements of 


elongation. The lower contact is a long thumb screw on the 
end of the lower arm, which is held to the lower test fixture 


by a coil spring. The upper contact is a hardened point in a 
yoke that straddles the upper loading frame. 

The measuring device uses a variable core transformer so that 
elongation of the test piece moves the core and changes the 
reactance of the unit and its output. This unbalances a record- 
ing circuit that includes another variable core transformer. The 
resulting electrical impulse is amplified to drive a servo motor 
which moves the core of the recorder transformer to balance 
the electrical circuit; and at the same time moves the recording 
mechanisms in proportion to specimen deformation. During 
test, the lower arm is held relatively stationary and the upper 
arm pivots to move the core. 

Movable pivots are provided on upper and lower arms to 
permit unrestrained movement of the core and to permit arm 
adjustment when setting up the test. 


Magnetic Starter Responds 


to Refrigeration Temperatures 


In the sub-zero cabinets made by Revco, Incorporated, Deer- 
field, Mich., a magnetic starter protects the first and second 
stage compressor motors, shuts the unit off when desired tem- 
perature is reached, and starts it when the temperature rises. 

To do this, Revco wired the temperature control in series with 
the holding coil of the starter, so that the temperature monitor 
can turn the refrigeration system on or off. To protect the 
motors, the 1 hp second stage compressor motor thermal over- 
load is connected in series with the temperature control and 
the line starter holding coil, while the 4 hp first stage com- 
pressor motor thermal overload is connected to the voltage 
supply. If the | hp compressor is overloaded, the entire unit 
is shut off; if the 1 hp compressor is overloaded, only that 
machine is shut off. If the 1 hp compressor were allowed to run 
when the } hp unit had tripped out, the suction pressure of the 
| hp unit would be equal to the head or condenser pressure of 
the system and at high ambient temperatures the second stage 
unit could not be restarted. 
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To spherical seat 






© spherical seat 





REVCO cold chest refrigeration system has two 


hermetically sealed compressor units. One mag 
netic starter protects both these motors as we 
as turning the unit on and off in response to ten 
perature control. 
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NEW extensometer contacts bolt 

ends during tensile tests. Retainer 

| plates hide contact points in cut 
at left. Upper extensometer arm 
rests on two knife-edge strips of 

vertical bar and yoke assembly. 

Vertical arms are adjustable to 

cover a range of bolt sizes. Exten- 

someter arms are parallel when test 

՞ 5... տտ... begins. These units will operate 
with loading frames of 50,000 Ib 

erticol arm capacity to test bolts up to 3 in. in 

size. The extensometer has magnifi- 


cations of 12.5, 25 and 50 to 1. 
Knife edge 


stirrup 
ո HARDENED tapered inserts fitted 
—" in a box-like im hold the speci- 
men during test. The upper insert 
B ^79 has a clearance hole for the bolt 
and the lower one is threaded. 
Load is applied through the 
threaded insert. Retainer plates 
keep the inserts and bolts from 
jumping out at fracture. Developed 
by the International Harvester Com- 
any, Chicago, Ill., the units are be- 
ing built by the Baldwin-Lima- 
Hamilton Corporation, Philadel- 
phia, Penna. 


Mofor 
terminals 


f y Start 
/ į e Main 
7 7 : 


՛ 4 
' 


, 


՛ 
i 
i 


‘Starting relay 


M36 ^p compressor 
low stage 


WIRING DIAGRAM shows how temperature control is are stopped. A ł hp motor thermal overload is connected to 
vired in series with holding coil of magnetic starter. the voltage supply. When the 4 hp motor is overloaded, the 
Starter also controls the two compressor motors: 1 hp motor — entire machine is shut off, but when 3 hp thermal overload 
hermal overload is connected in series with the starter — trips, only that unit is shut off. If holding coil is overloaded 
olding coil so that if it is overloaded, both compressors both motors are stopped. 
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Some catalog or hand book data 


F. H. HOLMAN 
L. H. BERKLEY 


Master Electric Company 
SELECTING MOTOR SIZE is one of the 
teps involved in the design of motor- 
driven machines. Unfortunately, many 
lesigners feel obliged to choose be- 
tween elaborate theoretical analysis 
and guesswork. And, the latter ap- 
roach is selected much too frequently. 
These designers overlook at least four 
ther methods of determining motor 
rating that span the gap between theory 
in | gut sswork. 

Poor estimates result in the choice 
of incorrect ratings. These ratings 
often on the safe side so 
the motor is actually too large for the 

b. The penalties are high first cost, 

requirements, low 
and inefficiency. 1 
hould be pointed out here that present 
lay motors have sufficient safety or 
ervice factors so that additional mar- 
gins are usually undesirable. Of 
ourse, the alternate result of poor 
guesswork is a motor that is under- 
sized. Decreased operating life, fre- 
quent stalling or even burnout are 
effects. 
troubles are 


ire most 


XCCSSIV( space 
I 


power factor 


possible 
Such unnecessary be- 
use motor ratings can be predeter- 
mined with a fair degree of accuracy. 
echniques are available, cach 
pplicable to certain problems. 
1. Calculation from existing data is 
method frequently neglected. There 
ts in the handbooks, textbooks, and 
manufacturers' catalogs, a wealth of in- 
formation that simplifies mathematical 
letermination of motor 
required to motorize a 
standard machine tool, for example, 
in be obtained from any one of sev- 
handbooks. The power required 
ertain metal-cuting operation 
wise be determined from tabu- 
yrmation Data on screw 


Several t 


horsepow cr 
Ihe rating 


efficiencies, gear efficiencies, etc. facili- 
tate calculation of horsepower required 
for roll-adjusting and traversing 
motors, etc. Experience with similar 
machines of another size is invaluable. 

But calculation of motor horsepower 
is impractical in many cases. The 
desired data may not be available. The 
machine may be so complicated as to 
make the procedures lengthy, time- 
consuming and expensive. 

2. A simple torque test can provide 
a quick, accurate answer if a prototype 
or production model of the machine is 
available. To perform the test a torque 
wrench or a long lever carrying a 
spring scale is fastened to the drive 
shaft of the equipment. The torque 
required to rotate the load by hand 
is read directly on the scale or easily 
calculated by multiplying the re ading 
by the length of the torque arm. The 
scale and the lever must, of course, 
be perpendicular when the reading is 
taken. 

This test has its limitations. Ob- 
viously it is inapplicable where torque 
varies greatly with speed. It is limited 
to applications where the load torque 
is substantially constant as speed in- 
creases. Conveyors and machine-tool 
traversing drives are suitable exam- 
ples. Although theoretically it is de- 
sirable to manually rotate the shaft at 
its normal operating speed, such is not 
always practical. But this is not nec- 
essary if torque varies only slightly 
with speed 

This test is particularly advantageous 
since it can be run without the aid 
of a trial motor. Also it provides a 
method for determining breakaway 
torque, which is important where a 
mechanical system tends to ‘freeze 
up" while sitting idle overnight. It is 
sometimes more desirable to mount a 
pulley on the driven shaft, fasten a 
rope to the outer edge of the pulley, 
and gradually add weight until the 


os NY Cho mid lt Pte ee ia 


^ on af dita Ta 


The Federal MacMne & Welder €, 
Or a torque wrench 


Or a laboratory-type 


shaft just starts to rotate. Where field 
conditions may impose dirt, grease, or 
ice on the mechanism, this must be 
considered. 

3. A steady running test using elec- 
trical meters is the third method. For 
this test a motor must be available to 
operate the machine during the time 
that meter readings are being taken 
In most cases, any motor large enough 
to start and run the load for only a 
few minutes is satisfactory. The motor 
is coupled to the shaft of the machine 
and the steady running power input 
measured, preferably with a watt- 
meter. This reading, together with the 
motor efficiency, can be translated into 
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The Burt Manufacturing Co. 


thermometer can provide the answer to...... 


Such Gata into a iot SnOW 
horsepower directly. Th 
value of the ordinate of 
the motor rating needed to pow 
load without overheatis 
í. Use of the three metl 
cussed above presumes that 
runs in one direction and with a fair 


Neither is alone ay 
! 


where the 


constant load 
cable motor must start « 
plug-reverse frequently or where 

varies greatly In such cas 
determination of 
can be made only by 


measure the temperature 


horsepower 


a heat 


motor 
the motor ultimately intended to 

the machine must be used. Obviou 
if the application clearly indi | 
NEMA Design-D, high-torque, hig 
slip motor, a heat run on an availal 
Design-B motor, although oth 

identical in all 
would not give conclusive informatiot 
Hence, the | 
as a 
rating. Su 


other specin 


heat run is usi 
test OI a previo Մ (4 

h calculations consist « 
dividing the overall duty cycl 
various phases. Each of tl 
—accelerating, steady-run, p 
sal, etc.—1s in turn examined to d 
mine its rms horsepower. When al 
the individual rms values are obtain 
then the overall 
determined. A motor providing 
horsepower can then be subj 
a heat run 


rms horsepower 


If the observed temperat 
only 20 C on a 40 C moto: 
chine is, of course, ovi 
ever, if the temperature ris ( 
a larger rating is clearly requir 


Temperatures in a heat run at 


monly measured by means of a labora 


tory-type thermometer. This is "p 
tied" to the portion of the expos 


1 


motor frame that will experience the 


highest measurable temperature ris 
This method is satisfactory for tl 


majority OI tests, aithough 


How Big A Motor? 


shaft horsepower. This test is, of 
course, applicable even where load 
torque varies greatly with speed. 
Pumps and fans are examples of equip- 
ment to which this method can E 
applied. 

In some cases, the load may vary 
over a period of time. This compli- 
cates motor selection because the prob- 
lem of duty cycle must be considered. 

The motor rating required to drive 
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a machine with varying duty cycle can 
be determined from a curve of in- 
stantaneous horsepower vs time. The 
points on this curve are obtained in a 
running test by taking periodic read- 
ings of input watts or amperes. Or, 
still more accurate results are possible 
if a recording wattmeter or ammeter is 
used. These devices automatically pre 
pare the curve of watts or amperes vs 
time. It is a simple matter to convert 


1952 


possible because of improper locatior 


or inaccuracies of the thermometer 
more precise results are needed 


temperature rise can be determined 


measuring the resistance of the motor 


winding before and after the r 
preferably by an accurate bridge. TI 


knowing the temperature coefficient oí 


resistance, the exact temperature r 
of the copper conductor can be «a 
culated 


Here a motor that is similar t 


rmotor լ How 


( 


If 









H. D. JAMES 
Consulting Engineer 


MOTOR SPEED CONTROL. The magnetic amplifier 

offers a convenient means of providing adjustable 
voltages for changing the speed of a d-c motor. Voltage 
at motor terminals, Fig. 1, is supplied from the d-c side 
of a static rectifier. The latter receives a-c power through 
the load coils of a magnetic amplifier. The impedance of 
the amplifier is controlled by a d coil that draws rectified 
power from the a-c system through a rheostat. 

By resetting the rheostat, the current in the control coil 
is increased, causing greater saturation of the iron core. 
The resulting drop in the impedance of the amplifier load 
coils raises the voltage across the motor terminals. This 
brings about a proportionately greater motor speed. 

An opposite effect on motor speed is caused by lowering 
the current in the control coil. The impedance in the load 
coil is increased and reduces the net voltage available across 
the motor terminals. 

The d-c power in the field coils of the motor is supplied 
by a separate rectifier. A resistor, not shown, can be put 
in series with the field winding of the motor to adjust 
the field strength to give additional speed adjustment. This 
method of speed control has been applied successfully to 
motors up to 25 hp and larger. 


INDUCTION STARTER FOR D-C MOTOR. For 

low inertia loads, an induction coil may provide sufficient 
current limiting for d-c motor starting. The circuit in 
Fig. 2 shows the use of a magnetic amplifier to time the 
operation of an induction starter. 

In accordance with electrical theory, a coil placed in 
a d-c circuit has the effect of resisting any increase or 
decrease in the magnitude of current. But when steady- 
state conditions of current are reached, the coil has little 
effect. Thus, when the main contacts of this circuit are 


closed, current builds up slowly in the shunt field. The 
control coil of the magnetic amplifier is in series with the 
field winding and carries the same current. 

At start, then, the control coil current is low so the 
impedance of the amplifier load coils is high. 


The load 
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HOW A MAGNETIC AMPLIFIER OPER \T¢5 
A simple form of the self-saturating ma_ netic 


amplifier appears in the sketch. It consists of a 
single iron core carrying two separate coils. One 
is the control coil, consuming small quantities of 
d-c electrical power. This is connected to a control 
device, such as a switch or meter. 

The second coil is connected in the a-c load line, 
It acts as a valve, regulating the current available 
to the load, which may be a motor. With this 
device, small currents in the primary coil control 
large currents in the secondary coil. Hence, the 
term “magnetic amplifier.” 

Impedance changes are responsible for the valve. 
like action of the load coil. The impedance 
of the coil is a function of the amount of flux that 
the load current can set up through its windings, 
Total flux is, in turn, proportional to the satura- 





coils limit the rate of rise of the motor armature current 
As the current in the field winding increases progressively, 
the impedance of the amplifier load coils drops me 


tionately. Thus, less resistance is offered to the flow of 
armature current, which builds up steadily to rated value 
When the back emf of the motor armature reaches its 
normal operating magnitude, the relay contacts close, short 
circuiting the magnetic amplifier. The relay can be omitted 
where the motor runs only for short periods, such a: 
required to position a tool carriage or close a valve. 


3 MOTOR LOAD CONTROL. This circuit makes it pos- 
sible to maintain constant load on a motor. One appli- 
cation for this system is the control of a centrifugal water 
pump. The magnetic amplifier circuit provides for the 
maximum rate of flow without overloading the motor. 
The d-c motor has a portion of its field connected to an 
a-c source through the magnetic amplifier. The contro! 
coil of the amplifier is connected across the interpole 
windings of the motor. Therefore, the voltage applied 
to the control coil is proportional to the load current 
passing through the motor armature. 

When the motor load tends to increase beyond the preset 
value, the amplifier control coil current also rises, building 
up the saturation of the iron core of the amplifier. This 
allows more current to flow through the rectifier to 
strengthen the motor field and reduce the motor speed 
When the load on the motor load decreases sufficiently, 
its field strength is reduced and its speed increased to 
bring the load back to the normal rating. This corrective 
action occurs constantly, in much the same manner as a 
vibrating stack voltage regulator. Of course, the magneti 
amplifier has no moving parts so that unstabilized perforn 
ance has no effect on service life. 


4 GENERATOR LOAD CONTROL. The current outp:: 
of an electrical generator can be held constant at an 
predetermined level by this means. To raise generator ou' 
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tion of the iron core. If the flux saturation is low, 
the load coil impedance is high. However, a cur- 
rent through the control coil sets up its own flux 
lines, partially or completely saturating the iron. 
The impedance of the secondary coil drops. 

By adjusting the value of the current in the 
control coil, che secondary impedance—and, hence, 
load current can be controlled. The rectifier is in- 
cluded to prevent the flow of power from second- 
ary to primary coil by transformer action. 


put it is necessary to strengthen the field; whereas to step 
up motor output, field strength must be reduced. 

When the amplifier control coil detects an overload, 
the impedance of the load coil decreases, increasing the 
strength of the auxiliary field. This has the effect of 
reducing the net or effective flux threading the armature 
coils. Terminal voltage drops somewhat, simultaneously 
relieving the overload. 

Should the value of load current fall for any reason, the 
control coil excitation becomes less also. The impedance of 
the load coils rises, lowering the voltage across the auxil- 
iary field. With the reduction in the strength of the field 
opposing it, the main field can deliver more effective flux. 
Thus, the terminal voltage is stepped up and the generator 
load restored to its rated value. 


TACHOMETER SPEED REGULATION. The circuit 

in Fig. 5 is designed to maintain the speed of a motor 
constant. It is especially applicable to multi-motor drives 
where the speeds of the various sections must be closely 
synchroni@ed. Paper or textile machines having continuous 
strips of material passing through several sets of rolls are 
examples of possible applications. Customarily, each set of 
rolls is driven by a separate motor. 

The drive motor is coupled to a small tachometer gen- 
erator which has a permanent magnet field. This field is 
constant in strength and requires no exciting current. The 
tachometer has a d-c armature that furnishes power to the 
ontrol coil of a magnetic amplifier. This current can be 
adjusted by a rheostat to set the desired motor speed. 

When the motor speed goes above the predetermined 
value, the tachometer voltage increases beyond its normal 
rating. The control current also rises, resulting in less 
mpedance in the load coils. The excitation of the auxiliary 
field increases, causing a net increase in the effective motor 
field. The main and auxiliary fields are wound so that fluxes 
are additive. Because of the increase in field strength, the 
motor decelerates to the set value. Should speed go below 
this level, an opposite correction occurs. 
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Fig. 1—Speed cont-ol of a d-c motor 
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Fig. 4—Load limiting circuit for a generator. 





Fig. 5—Tachometer regulation of motor speed. 
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Operation of this circuit 

is much the same as that explainc | above for the d« 
starter n the closing coils ar« equipped with elec- 
trical interlock contacts to provide additional assurance for 
the correct sequence of sistor cutout At the proper 

i | 1 urrent, cutout No. 1A closes. 
Interlock contact No. 1A closes simultaneously. Note 
that this contact is in the circuit of the No. 2A closing 
coil. Therefore, this coil cannot function until the first 
portion of the starting resistor has been | DY passed. Like- 
wise, after the cutout and interlock contacts No. 2A have 


losed, closing coil No v can operate to short the entire 


լ 1 
vaiues of back voltage ani 


resistor in the armature circuit. 

The magnetic amplifier increases the effect of armature 

irrent changes so that the contactor operation is extremely 
accurate. This is an important feature when the starting 
resistor has a great number of taps, each of which is to 
be by-passed in sequence. The voltage and current differen- 
tials between the functioning of adjacent contacts are small 
hat precise measurement of values is necessary to 
guarantee proper operation. The electrical interlocks also 
serve to prevent malfunctioning. Without these design 
features, it is difficult to adjust the starter so that the con- 
tacts act in correct sequence. Furthermore, after extended 
usc the initial settings become more difficult to hold. 


SO t 


SLIP REGULATOR In some machine applications, 

the drive motor is subjected to high peak loads of 
hort duration. Unless compensated for, this condition 
results in large variations in the demand on the power 
supply for the machin If the drive motor is fed from 
a motor-generator set, the latter must be oversize to 
accommodate the peaks 

This varying demand can be oqualised by putting a 
fly wheel on the shaft of the motor-generator set. When 
the load is heavy the speed of the set is reduced and the 
excess power is furnished by the fly wheel. When the load 
decreas the speed 1S increased to store energy in the fly 
wheel to meet the next load peak. Magnetic contactors, 
responsive to the load, change the secondary resistance of 
the wound rotor induction motor driving the fly wheel and 
the generator. The uniformity of power demand depends 
ipon the accuracy of the control. ‘This diagram shows 
how a magnetic amplifier can be used to magnify the 
variations in load to actuate the contactors controlling 
the secondary resistor 

Current input to the motor—which is directly propor- 
tional to load is sensed by the amplifier through a trans- 
former and plate rectifier. At peak currents, the imped- 
ince of the amplifier load coils drops, increasing the voltage 

ross the slip relays. The latter are set to act at various 
sod levels. Thus, depending on the magnitude of the 
overload, one or more of the slip relay contacts are pulled 
open This, in turn, causes thc orresponding accelerating 
relays to open, putting one or more sections of the second- 
ary resistors in the rotor circuit. This causes the motor 
to slow down 


When the peak load is passed, the slip and accelerating 


relays close once again, by-passing all rotor resistance. 


The motor resumes normal speed 


DYNAMIC BRAKING CONTROL. A hoist motor 
may be designed to lift the load and also to supply much 
the braking effort needed to retard the load when it is 
being lowered. During a lift, the motor consumes positive 
power. In braking, the motor act uey performs as a gen- 
erator, returning power to the electric al supply lines. This 
may be designated as negative power. The hoist may have 
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Fig. 9—Signal amplifier for sensing elements. 


a counterbalance in excess of the weight of the car to offs 
some of the load during hoisting and lowering. 

The variation between positive and negative motor loa 
requires the use of two control windings, A and B. Coil A 
provides a reference flux and coil B is responsive to th 
amount and direction of the armature current. In the ci: 
of Fig. 8, a Ward-Leonard type of speed control 
ployed. The generator shown is part of a separate motor 
generator set and supplies adjustable voltage to the hois 
motor. The drive motor for the generator is not show: 

When the motor load is positive, coils A and B 
additive and act to increase the generator voltage in pr 
portion to the load. When the load is negative, coil 
opposes coil B to reduce the generator voltage The moto: 
now becomes a generator driving the motor-generator 
return power to the line and slow the speed of the hi 


SIGNAL AMPLIFIER. The transducer is a compon 
ent that appears more frequently in the control circ 
of machines. Broadly defined, the transducer is any ck 
ment that changes a physical quantity to an electrical s 
nal. Transducers are available that are responsive to lig 
heat, weight, pressure, sound, size, speed, acceleration 
other quantities. The signals from transducers can be 

to circuits controlling machine operations. 

Usually, transducer signals are small in magniti 
Between the sensing element and the control eleme: 
stage must be added to step up the signals to usable lev 
A magnetic amplifier is a suitable device for this pos 

The diagram in Fig. 9 shows a diaphragm type of p: 
sure or vacuum regulator. The diaphragm acts against 4 
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Fig. 7—Control of flywheel energy storage. aking operation 
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Fig. 10—Slip control for a magnetic coupling. Fig. 11—System for increasing servo response 











bon pile resistor. The latter is connected in series with adjusting the current in the magnetic amplifier control | 
the control coil of a magnetic amplifier. The load coils coil B. The flux set up by the latter opposes the referen | 
f the amplifier are in series with the auxiliary field of a coil A. An increase of the fan spec ices the contro! 

motor. This motor may be operating a pump or an air magnetism in the amplifier and eases the clutch slip. A | 
compressor. Assume that it controls a pump t that maintains decrease in fan speed լուո uses the control (lux in the ampli | 
a fixed water level. A small drop or rise in the water level fier to reduce the clutch s! Lans o rifugal pumps i 
brings about an adjustment in the motor field to change whose output varies as the cube of speed, are wel վ 
the pump speed. This restores the water to the desired level. ^ adapted for this type of control ! 





Float switches are used for this purpose but are often diffi- 
ilt to inspect and maintain. Water pressure is easy to 
measure, using a pipe from the tank to the controller 







1 SERVO CIRCUIT. Response is a critical character 


i 


istic in servomechanisms. It is desirable, of course, to | 





have the output movement follow the error signal as closely 

10 ADJUSTABLE SLIP CLUTCH. The construction 4s possible. Now, rate of response is normally proportional 

of a magnetic clutch is similar to that of a squirrel to the magnitude of the error. To speed up response, th 

աջ: motor. The rotor of the clutch may be connected to designer may include an “error intensifying’ device in 

e load, while what substantially resembles the stator of the circuit which amplifies the input signal. Under ideal 

the e oabi cage motor may be coupled to the shaft of the conditions, the amplification should drop off abruptly at 

նազան, The “stator” or field windings of the clutch the null point of the servo system to prevent the output 

ure d-c excited. When the drive motor is energized, the service from overshooting the desired position. The mag 
Id flux rotates in relation to the clutch rotor. The torque netic amplifier provides this type of performan 
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transmitted through the clutch is directly proportional to An example of such an application is the rudder position 
1 he magnitude of d-c excitation. ing servo system sketched in Fig. 11. When the steering 
i Using the magnetic amplifier circuit shown in Fig. 10, rheostat IS moved. it applic 5 voltaeg« to the gon rator I Id 
ա. slip of the clutch can be regulated. By this means, to furnish power to the rudder motor. As the rudder is 
B the speed of the load—a fan in this case—can be adjusted turned it moves the rudder rheostat arm in a direction to 
8 to any desi 'alue. The Տ is the speed setting reduce the current in the amplifier control coil. The rheostat 

any desired value. 1e rheostat K, 1s the spee € g է 

1 evice. Once adjusted, the speed is held constant by action supply current from this amplifier drops proportionately 
1 f this circuit. The amplifier reduces this current slowly until the neutral 





The clutch coils receive power from a rectifier bridge. A point is rea hed. Here, the current decreases abruptly to 
ichometer generator, which is belt-connect ted to the driven stop the rudder motor. This method can be used for the re 


] 1 


iember of the clutch, maintains the fan speed constant by mote control of dampers, valves and for similar applications 
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Exciter 


Auxiliary field 


12 DOUBLE LOAD CONTROL. This is a combination 
of the circuits shown in Figs. 3 and 4. The use 
of two magnetic amplifiers makes it possible to maintain 
the motor load at an extremely precise, predetermined 
amount. The motor and generator illustrated above are 
connected electrically, not mechanically. The generator is 
powered by a separate motor, not pictured. The motor 
drives machine elements, such as the rolls of a blooming 
mill. 
Both motor and generator have an individual magnetic 
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1 D-C MOTOR STARTER. This is a standard d-c motor 

starter of the counter emf type. Initially, the full 
starting resistor is in series with the armature to limit 
the current inrush to a safe value. The resistor is tapped 
in four places by individual magnetic contactors, each 
designed to close at a different value of counter emf or back 
voltage. The starter automatically cuts out the resistor 
in four steps until the resistor is completely out of the cir- 
cuit at rated motor speed. 

As the motor armature accelerates, the back voltage 
builds up. At a given value of back voltage, the magnetic 
field of coil No. 1 attempts to close its contacts. However, 
this closing is prevented by the field of the corresponding 
lockout coil, which acts in the opposite direction to that 
of the closing coil. Contacts No. 1, therefore, cannot close 
until the armature current has decreased to the predeter- 
mined value. 

When the desired conditions of both voltage and cur- 
rent are reached, contacts No. 1 close, shorting-out or 
by-passing the first section of the starting resistor. This 
increases armature current, allowing the motor to accelerate 
further. Then, when the second set of counter emf and 
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Magnetic amplifiers 


Exciter 










Generator 


Generator field 


amplifier to control field strength. Each amplifier is 

sponsible to the same load current, which passes throug! 
both armatures. At start, the motor has maximum field 
strength. The generator field starts at zero strength and is 
gradually built up to the desired operating speed and until 
the generator delivers its maximum voltage. When a 
further increase in motor speed is required, the motor field 
is reduced to provide the increase. There are several 
interlocking control connections that are necessary, but 
these are omitted to simplify the diagram. 





current conditions is satisfied, contacts No. 2 close. This 
process continues until contacts No. 4 are closed and the 
motor is at rated speed. 

The lockout coils receive power from a rectifier through 
the magnetic amplifier. The d-c control coil of this 
amplifier is connected across the interpole windings of th 
motor and measure armature current. A one percent chang¢ 
in armature current can cause 100 percent change in th 
flux of the lockout coil. This yields an accurate control of 
the accelerating current. Any change of friction in th 
contactor movement is of small importance compared te 
the wide change in the strength of the lockout coil. Wit! 
this circuit, acceleration of the motor can be precise! 
controlled since the circuit is sensitive not only to bac 
voltage, but to armature current as well. 

The application m for this circuit are varie 
The magnetic amplifier acceleration control might be i: 
cluded in the operating circuits of a traction motor. The: 
regardless of how abruptly the operator may actuate th 
accelerator pedal or switch, the vehicle will increase it 
speed at a rate that cannot upset cm ann or carg 
Another application might be in machine tool drives. 
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Tensile strength, 77 F, psi........... 1500-2500 
Elongation, "Ep... 100-200 
- Flexural strength, 77 F, psi.. did not break 
Stiffness, "P9"pdá.... 60,000 
Impact strength 
: Izod — 70F, psi..... e 2.0 
Teflon stop-cock 77 F, psi...... 4.0 
D in this burette A eee 6.0 
— prevents sticking. SMA- Hardness. Durometer. ....... dae Dss-D70 
Compressive stress at 0.1% 
ee ee ee 1,700 
iE ort Coefficient of linear thermal expansion 
^is per deg, 77-140 F. ............... 5.5 x 10* 
hs aa Thermal conductivity, 0.18 in 
y^ Տր B.T.U./hr./sq. ft./F./in.......... 1.7 
| throui 
աք «ն Տքօժօ հշու, 8.Ղ.Ս./Ե/Թ............վ........... 0.25 
th an լ is Deformation under load 122F., 
and until 1,200 psi, 85 hrs., percent.......... 4-8 
When 4 Heat-distortion temperature, 66 psi, F... 270 
առ Heid Dielectric strength, short-time, 
: Sev eral A Pe a Aas aot alona annt 400-500(2) 
ary, but : 
»" PY BENE Lo roro rrr ss 700 (3) 
: NEED OU աթար. Volume resistivity, ohm-em............ 10" 
3.6 x 10° 
— ESS, .PÉ— D. eMe... 
Darsni w 0.000 
TOPITE 0.0005 
a a 0.0005 
նա 22244 0.0005 
B dax 6e da wd 0.0 | 
ո ՀՀո Վ Թ 244 nonflammable 
Deaéues rosnAve aediéeos 2.1-2.3 
E LUISA exa aee eh nvv 6x excellent (4) 
Tests have been performed by A.S.T.M. methods unless otherwise i 
| indicated. Data shown are average values and should not be used for ! 
| ( specifications. 
— omponen ts (1) Thermal conductivity measured by Cenco-Fitch apparatus. ! 
| (2) Value 15 1,000-2,000 volts/mil in thicknesses of 5 to 12 mils. 
Ր h e (3) Does not track. 
- Ux and ( oatin Ր (4) No detectable change after 5 years of outdoor exposure in Florida. 
1roug! ծ: 
ք th 
of th 
han; 
in th POLYTETRAFLUOROETHYLENE, or "Teflon", is a plastic phase occurs. At temperatures below transition. (620F) 
rol o that frequently can be used under severe operating condi- ıt is remarkably stable. Molded bars show a loss in tensile 
ո է tions. Its outstanding properties, Table I, on which are strength of only one percent after one month at 480 F. At 
ed ti based its many applications are its toughness over a wide 570 F this loss becomes 10 to 20 percent. 
Wit range of temperatures, its excellent electrical characteristics Fillers can be incorporated into Teflon to increase stiff- 
cisel over a wide range of frequencies, its chemical inertness, heat ness, hardness and compressive strength and to reduce 
ba resistance, low coefficient of friction and non-adhesiveness. deformation under load. Materials generally used include 
Its major fields of application are as gaskets, packing and carbon, graphite, asbestos, talc, copper powder and zircon 
arie. liners in hydraulic and chemical equipment, as an electrical and glass fibers. 
C it insulator and as a chemical resistant and non-adhesive The outstanding electrical properties of Teflon are its 
Ther finish. low power factor even at high frequencies, its high dielec- 
e th Teflon is capable of continuous service at temperatures — tric strength and its good arc resistance. Because the sur- 
PR from —90 to 500 F. Its impact strength is high in this face of the material vaporizes it can be exposed indefinitely 
irf temperature range. At 620F the mechanical properties with no production of a carbonized path. Its extremely 






change sharply and at 750 F decomposition to a gaseous low water absorption assures retention of its electrical 
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Fig. 1— (a) Compression and recovery curves, (b) Effects of long-time compression on solid Teflon gaskets. 


Hydrostatic 
end force 


pressure 


Gasket 


(c) 


Fiz. 2— (a) Three major forces acting upon a gasket. (b) Teflon envelope gaskets. (c) Spiral wound Teflon metal gasket. 





properties even after prolonged exposure to moisture. ture the pressure on the gasket changes through expansion 
Teflon is available as molded parts, extruded and molded and contraction of the flanges and bolts. This may necessi 
hapes and as aqueous dispersions for finishes tate spring loaded bolts. 
Under long time compressive load, Fig. 2(b), the 
tendency for Teflon to cold flow is not excessive and 
Teflon is an effective gasket material because of its equilibrium is reached after only the first few hours of 


| hemical inertness and good mechanical properties over load application at a given temperature and յ" No 
| 

| 

| 









Gaskets and Packing 







a wide range of — rature. Itis attacked by only molten further deformation will occur until the load or tempera 


alkali metals and fluorine at elevated temperatures and ture is changed. 


| pressures Gaskets fabricated from Teflon, Fig. 2, include solid, 
| ts mechanical properties Fig. 1(a) are comparable to jacketed, spiral wound, and impregnated types. 

those of high grade rubber bonded asbestos, except for Solid gaskets. Solid Teflon gaskets are used in applica- 

the compression characteristics. It compresses at a uniform tions where standard design flanges are used. For low 

rate with increasing load whereas with asbestos the convers« pressure applications, i.e., 150 to 300 psi raised flanges 
is truc. Recovery upon removal of the load proceeds are normally used. Higher pressures require a confining 
at about the same rate for both materials. A lack of arrangement such as tongue and groove or male and female 
resiliency is indicated by the steepness օք the recovery flanges. Pressures as high as 30,000 psi have been with- 
curves. In applications involving variations in tempera- stood by tongue and groove flanges. 
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Property. Units A.S.T.M. Unfilled, 33% 350% — 60 















25 


55 





Density of 


Molding gm/cc 2.14 2.13 2.08 1.95 
: B.T.U./ 
Thermal hr/sq (Cenco- 


Conductivity ft./F/in Fitch) 1.7 6.8 
Electrical - 








Resistivity ohm-cm 1015 0.0 
Water (2-hour 
Absorption percent boil) 0.0 0.01 0.07 





Solid rings 
(a) 








Envelope Gaskets. These consist of a soft filler mate- 
rial covered by a Teflon jacket. They were developed for 
applications where flange misalignment and low bolting 
pressures would prevent seating of solid gaskets. Glass, 
porcelain and glass-lined equipment fall into this category. 
. Fabric reinforced rubber, soft asbestos sheet and metal 
fillers can be used to provide the properties desired in the 
envelope gasket. 

Spiral wound metal gaskets with a Teflon filler are suit- 
ible for high pressure chemical applications. Stainless 
steel, Monel 1 other corrosion resistant metals are used 

| lor these applications. 
The development of dispersions has introduced new 
gasket materials. Coatings can be applied to gasketing 
materials with desirable compression characteristics to pro- 
ide better performance or to lower cost. 

Metal wire inserts have been used in V-shaped gaskets 
to prevent flow of the Teflon out of the seat. 
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Table II — Physical Properties of Filled “Teflon” Compositions 
Filler Proportions in' Percent by Weight 





"Teflon" Carbon Carbon Carbon Graphite Graphite Graphite Asbestos Talc Copper Zircon 


n a t ——  — ——— 


լա: 
Suengih —— psi — Dé38 1,800 2,375 2,300 51790 2200 2,425 199 178 1700 2,300 
Elongation percent D638 100-200 . 5.9 1.2 0.2 4.7 
Modulus of - 
Elasticity psi D638 58,000 421,000 431,000 574,000 309,000 378,000 1,190,000 310,000 
Flexural Did not Did not 
' Strength psi .D790 break 6,100 — 6,200 3,980 5,700 4,560 3.200 4,080 break 4,170 4,200 
Compressive Did not 
Strength psi D695 break 8,650 5,400 5,600 2,900 


Topered wedge Broided 


Fig. 3 — (a) Teflon packings include solid rings, V-rings, and tapered wedge rings. (b) Stuffing box packed with Teflon. 






25% 50% 5% 52% 33% 80% 80% 


9.5 19.5 4.2 7.5 
87.6 0.0 2.6x1012 2x105 


0.0 0.0 0.0 0.05 0.03 














(] Seacer cut from Teflon” 


rings pocking (b) Dx] Ring molded of shredded “Teflon 


Bolt Loading Calculations 


Bolt loading calculations for Teflon gaskets are based on 
the procedure suggested in the 1949 ASME Boiler Con- 
struction Code, Section VIII, Appendix III, the formulae 
used are: 


Wa = H = Hp + 0.785 GP + (2b X 3.14 GmP) 


and 
Wmi = Hy = 3.14 bCy 
where: 
W mı = required operating bolt load 


H = hydrostatic end force 
H, = compression load on gasket 
W mz = required initial bolt load for normal conditions—no 
internal pressure 
load on gasket to assure a tight joint 
effective gasket joint-contact-surface seating width 
diameter at location of gasket load reaction 
internal working pressure 
yield stress, or the minimum stress required to effect 


e 
uuni 
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Teflon liner 





































| Teflon Adjusting plunger 
ա 
A diophrogm Վ Cop 
1 Bottom locking ring adjusting screw 
i ond nut 


228 


Fig. 4—This plug type valve manufactured by the Duriron Co. 


uses a Teflon liner and diaphragm. The liner affords an excellent 
seat for the plug, is chemically resistant and self lubricating. 


a seal against even slight fluid pressure. մ 
m = the gasket factor, or the minimum required ratio 

of resultant stress on the gasket and the internal 

pressure. i 

Values of m and y for solid teflon gaskets are obtainable 
from gasket manufacturers. 

Bolting loads needed to seat envelope gaskets depend 
largely on the filler material. The m and y values for 
envelope gaskets with compressed asbestos and harder 
fillers will approach those of solid Teflon, whereas for 
softer fillers these values will lie between those for solid 
Teflon and those for the filler material. 


Teflon Packing 


In considering Teflon as a packing material, the rubbing 
speed is of prime importance. Frictional heat is developed 
at a slower rate in unlubricated Teflon packing than in 
other materials because of its low coefficient of friction. 
However, its low thermal conductivity retards heat dissi- 
pation and its high coefficient of thermal expansion reduces 
clearances as the temperature rises. 

Applications for Teflon packings fall into two general 
classes, based upon shaft surface speed: 

(1) Low speed applications such as for valve stems, 
reciprocating pumps and agitators, where rubbing speed 
is less than about 150 feet per minute and the seal is 
effected by direct contact between the packing and shaft. 

(2) High speed — such as centrifugal pumps 
where rubbing speeds exceed 150 ft per min and where 
an annular space is maintained along the shaft to prevent 
contact between shaft and packing. 

Low speed Teflon packings, Fig. 3(a), include solid 
rings, tapered wedge rings, braided packing, V-rings and 
impregnated packings. 

A typical high speed pump packing is shown in 
Fig. 3(b). Rings made from shredded Teflon held 
together with a strong binder have good form stability to 
insure maintenance of clearance along the shaft and have 
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(c) 
Fig. 5—Teflon coaxial spacers (a) and inserts for connectors (b) 
give improved efficiency to television and FM transmission. 
High voltage, high frequency wires (c) have Teflon insulation. 


7 


some resilience and abrasion resistance. The molded rings 
are usually installed with thin spacers of solid Teflon, 
carefully sized to the dimensions of the stuffing box and 
shaft. The packing is “run-in” carefully until a small 
uniform annular space is formed along the shaft. 

Mechanical features needed for successful operation of 
Teflon packings are: 

(1) A smooth, preferably ground and polished shaft 
surface. 

(2) Small gyration of shaft—preferably not more than 
0.002 inches. 

(3) Small clearances at the ends of the stuffing box 
to prevent extrusion of the packing. 

(4) Spring loading for stuffing boxes that operate over 
a wide temperature range to accommodate the high ther- 
mal expansion of the Teflon without exerting excessive 
pressure against the shaft. 

Other Teflon hydraulic components include valve seats, 
valve diaphragms, valve liners and O-Rings. 

An interesting Teflon valve application is contained in 
a corrosion resistant plug valve, Fig. 4, manufactured by 
the Duriron Company. A Teflon liner between the plug 
and the valve body serves as both valve seat and lubricant 
The advantages derived from this type construction include 

(1) Better seal through ability of the liner to sustain 
higher plug pressures that would normally destroy film 
contact of lubricants and would cause seizure in metal to 
metal contact. 

(2) No lapping of valve and seat surfaces is required 
to produce a seal. This allows for lower cost and better 
interchangeability of parts. 

(3) Better resistance to temperature and corrosion. 

(4) No stuffing box and packing required. 

(5) Reduced maintenance and simplicity of operatior 

Teflon pump pistons and impellers have good service 
ability where exceptional corrosion resistance is require: 
Its low frictional characteristics, toughness and wear resist 
ance are other advantageous properties. Filled compound 
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Fig. 6—The rolls on this bread molding machine are covered 
with Teflon to prevent sticking of the dough. Many such appli- 
cations take advantage of Teflon’s non-adhesiveness. 


can be used where better rigidity is desired. 

Expansion joints machined from Teflon tubing have 
been used with glass piping to take up slack caused by 
temperature changes and to provide maneuverability. 

Glass fiber filled Teflon is expected to gain application 
as pipe and fittings to replace porcelain, glass E ciun 
piping. The աի ber affords better rigidity and 
resistance to cold flow and deformation. Extruded 14” 
O.D. pipe is now under test at the Du Pont laboratories. 

Tefion is used as an electrical insulator as molded parts 
or as wire covering. The covering can be either an extruded 
jacket, tape wrapping or dispersion coating. 

Molded or machined parts Fig. 5 are used for coaxial 
spacers in television and FM transmission lines and as 
inserts for coaxial connectors. Low power loss and low 
lielectric constant are required for these applications 


In high voltage cables, Teflon 
to withstand almost any requi: 
thickness of the insulation 

Teflon tape is effective as a wrapy 
motors, generators and conducto 
mechanical strength and ability to stretch 

Hermetic sealing between Teflon and 
plished by a special technique. Copper powd 
into the surface of a Teflon part at the section to ! 
The irregularly shaped metal powd 
locked into the surface. The copper surface is | 
troplated to form a satisfactory metal surface tl 
readily soldered 


partic les ar 


Teflon Finishes 


The development of Teflon aq 
introduced a new field for this ma | 
chemically inert, resistant to high and low 
and that have outstanding anti-sticking proper 

These finishes have been used effectively 
industry on rollers that handle sticky dough 
aging industry to coat parts on heat sealing 
vent cellophane, foil, polythene and other 
materials from sticking to the unit. In packagi 
where glue is used paris coming in contact wit 
have been coated with Teflon to reduce 

Other current or potential uses for these 
coating of glass stop cocks in laboratory eq 
coating of conveyor belts and chutes hand 
terial or parts. 

For coating metals careful cleaning and pr 
required to obtain a satisfactory coating. Steel 
and chromium can be satisfactorily coated. It is not recom 
mended for use on tin, copper, galvanized metal, cadmiun 
plate or soft soldered joints 


Economic Factors 


Both the material cost and fabrication cost of Ti 
are high. However, this high initial cost is readily off 
by increased service life, lower maintenance 
improved performance. 

Some case histories shown in Table III 
savings obtainable by replacement of lower 
with Teflon 
APPLICATIONS, information and technical data in this article 
were contributed by the E. I. duPont de Nemours & Company, 
Wilmington, Del. 


Table III—Teflon Packing Case Histories 


CASE 1 Conditions: 
Chlorinated benzol 1 45" shaft, 1700 rpm 


* estimated on basis of 2 man-hours per installation at 
$1.50 per hour ** conventional packing 
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CASE 2 Conditions: 
98% sulfuric acid, %" shaft, 1750 rpm 


Service life. .... 


* conventional packing 














How to Provide for Backlash 


These illustrations are based on two general methods of providing for lost motion 


or backlash. One allows for relative movement of the nut and screw in the plane 






-- Main nut 


~--—Loching Screw 


THREE METHODS of using slotted nuts. In (A), nut sections 
are brought closer together to force left-hand nut flanks to 


Index spring V-nofches. 





Moin nut Rubber rings Adjusting nut 


AROUND THE PERIPHERY of the backlash-adjusting nut are 
” notches of small pitch which engage the index spring. To 
eliminate play in the lead screw, adjusting nut is turned clock- 
wise. Spring and adjusting nut can be calibrated for precise use. 


Auxiliary Screw Main nut 





“Bolts 


MAIN NUT is integral with base at- 
tached to part moved by screw. Aux- 
iliary nut is positioned one or two 
pitches from main nut. The two are 
brought closer together by bolts which 
pass freely through the auxiliary nut. 


: -Main nuf 





Spacer 
block. 





Adjusting nut? Locknut-~ 


ANOTHER WAY to use an auxiliary 
or adjusting nut for axial adjustment 
of backlash. Relative movement be- 
tween the working and adjusting nuts 
is obtained manually by the set screw 
which can be locked in place as shown. 
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bear on right-hand flanks of screw thread and vice versa. |; 
(B), and (C) nut sections are forced apart for same purpos 





the nut elements apart, thereby taking up backlash. 

















Adjustable section 
of nut. 





1 
Nut Screw’ Guide s/ot 
SELF-COMPENSATING MEANS of removing backlash. Slo i " 
is milled in nut for an adjustable section which is locked b : ES ^ 
i , Ի 
screw. Spring presses the tapered spacer block upwards, forcin: By 


Slots Nut base, -Spring Sere 





ա 














Auxiliary nut ‘Setscrews — Worv We 


COMPRESSION SPRING placed 
tween main and auxiliary nuts ex 
force tending to separate them 
thus take up slack. Set screws eng! 
nut base and prevent rotation of : 
iliary nut after adjustment is ™ 


















CLIFFORD T. BOWER 


London, England 





à parallel to the thread axis; the other method involves a radial adjustment to com- 


pensate for clearance between sloping faces of the threads on each element. 
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թ աուն NUT A IS SCREWED along the tapered round nut, B, to eliminate backlash ANOTHER METHOD of clamping a nut 
ne — P or wear between B and C, the main screw, by means of the four slots shown. around a screw to reduce radial clearance 
"uEEETrHEEII; etssusosuussn200022202222028999222922229229282000020004220809020000209099220929942900009200409092092979 SSSHSSSSSSSSSSEEESEEEEEEEE EKER TREE Ree eee eee ""*"*"*""u*"*"*"** """"""*" 
Spring, Nut Spring Screw Splif nut 
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! UM ՀՈՀՀ Adjusting nut 
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RUP uA 
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I TV 
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cklash. Slor ! AUTOMATIC ADJUSTMENT for backlash. Nut is flanged on SPLIT NUT is tapered and has a rounded bottom to maintain 

locked b» ; I cach end, has a square outer section between flanges and slots as near as possible a fixed distance between its seat and the 

eds, forcing H cut in the tapered sections. Spring forces have components center line of the screw. When the adjusting nut is tightened, 
f which push slotted sections radially inward. the split nut springs inward slightly. 
































TRECE APTE ELECTED լ 

ԱԱ T : 

// EO oN E : 

// AN w : 

B : 
— YY բ : 
' Wir աա Z H, Adjustable section Dowels -- Mt Adjusting screw : 
JG placed CLAMP NUT holds adjusting bushing TYPICAL CONSTRUCTIONS based on the halí nut principle. In each case, the nut : 
ry nuts exe rigidly. Bushing must have different bearing width is equal to the width of the adjustable or inserted slide piece. In : 
ate them pitch on outside thread than on inside the sketch at the extreme left, the cap screw with the spherical seat provides for : 
screws engi thread. If outer thread is the coarser adjustments. In the center sketch, the adjusting screw bears on the movable nut : 
tation of 4 One, a relatively small amount of ro- section. Two dowels insure proper alignment. The third illustration is similar $ 
nent is m tation will take up backlash. to the first except that two adjusting screws are used instead of only one. : 
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ROBERT C. MAY* 


The Clark Controller Company 
THE D-C OPERATED ele 


brake offers five 


tromagnetic 
advantages not 
type of unit. In 
braking of 
ages justify 
For this r 


malor 
possessed by the a 
some appl! ations requiring 
an a-c motor, these advant 
the added cost 
rectifier brake is finding acceptance 

The rectifier brake consists of a d-c 
electromagnetic brake and a plate 
rectifier. The rectifier is connected to 
the a-c supply lines for the motor and 
provides sufficient d-c power for opera- 
tion of the brake 

Usually, a control circuit is included 
in the rectifier assembly to improve 
the magnet performance. It is the pur- 


ason, the 


* Mr. May is now with The Automatic 


Company 
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Fig. 1 — Components of a typical rectifier brake. At left, 
above, is shown the d-c electromagnetic brake, which 
of posvensional aoe The rectifier and control devices 


D-C Brakes 


pose of the circuit to duplicate one in- 
herent characteristic of an a-c brake 
not possessed by a simple d-c unit. 
The a-c magnet draws a high initial 
current for fast, powerful brake opera- 
tion. But once the brake is fully 
opened, current drops off to a lower 
value for holding. 

The control circuit of a rectifier 
brake normally includes a means for 
applying two n voltages to the 
magnet coil and a timing device to 
select between these voltages. This 
provides high starting and lower hold- 
ing currents. 


Advantages of D-C Operation 


The construction of an electrically 
operated brake is in many ways simi- 
lar to that of a relay. The actuating 
force is supplied by a coil wound 
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around an iron core. The core is not 
a single piece, continuous structure 
For example, in a rectangular core 
which is a common design, one side 
is hinged. The hinged part, or arma 
ture, moves in reaction to the rise or 
collapse of the magnetic field thread 
ing the coil. This movement is trans- 
mitted to a set of contacts—in the case 
of a relay—or to a brake shoe. It is 
essential to know this simple descrip 
tion of brake design to understand 
the relative characteristics of a-c and 
d-c brakes. 

Noise—in the form of hum and 
chatter—is frequently associated with 
a-c solenoids. This noise is not in- 
herent, but is avoided only by careful 
design and quality control. A-c cores 
must be laminated to reduce eddy cur 
rents and the thin laminates tend to 
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CR 


-------Brake power supply 


Brake armature sea/s 


Minimum 


.Transformer 


SR 


operates 


Brake relay 


Broke relay (SR) 
ՍՍՍՍՍՍՍՍՍՍ 


+ 


Broke coils 


Full wave bridge 
rectifier 


Fig. 2—Schematic diagram for timing opera- 
tion of a rectifier brake. This timing control 
is furnished by the manufacturer as part of 


the rectifier assembly, such as that shown in 


Fig. 1. 


The timing circuit is required to 


e the current flowing in the magnet coil 
after relay armature has released the brake. 


Fig. 3—Plot showing the current fluctuations 
in the magnet coil of a rectifier brake. When 
the brake relay operates, a lower voltage is 
automatically impressed on the coil terminals. 


| for A-C Motors 


vibrate with the frequency of the ex- 
citating voltage. Hum may be traced, 
also, to "hysterisis noise" which is set 
up by the molecular structure of the 
iron. Chatter is caused by slight vibra- 
tions of the armature as the flux field 
varies from zero to maximum strength 
with each cycle of applied voltage. 

Such noises are no problem in d-c 
brakes. The applied voltage is uni- 
directional and the field does not vary 
in strength. The d-c core need not 
be laminated. 

A second advantage of the d-c brake 
is its higher electrical efficiency.. It 
does not draw as much holding current 
as does an a-c magnet of equal size, 
hence I?R losses are less. Furthermore, 
eddy current and hysterisis losses are 
present only in a-c electromagnets. Be- 
cause of the small magnitude of power 
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losses, d-c magnet is often rated at 
only 10 C temperature rise. 

Since under de-energized conditions 
there is an airgap between the armature 
and the rest of the core, the imped- 
ance of the a-c coil is low. This re- 
sults in a high inrush current. But 
after the armature moves to close the 
airgap, the coil impedance rises and 
the holding current drops to a lower 
value. This is explained by the fact 
that coil impedance is inversely pro- 
portional to the reluctance of the core. 
And, the presence of an airgap in a 
magnetic circuit increases the reluct- 
ance of that circuit. 

The high inrush current results in 
fast closing of the armature. This, of 
course, is desirable in some applica- 
tions, but is accomplished by slamming 
noises that are unwanted in others. 
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Also, the slamming shortens the life 
of the a-c brake assembly. 

A d-c magnet, on the other hand, 
is relatively unaffected by the imped- 
ance changes described. Holding and 
inrush currents are substantially the 
same so that slamming does not occur. 
However, to get extremely fast action 
in a d-c magnet, the coil must be de- 
signed for high initial currents. These 
high currents do not decrease as in 
the a-c coil, but exist during the entire 
holding period. Therefore, power 
consumption in a fast d-c brake may 
be considerably more than in an a-c 
brake of equivalent speed 

Customarily, the a-c magnet coil is 
designed on the basis of its holding 
current. The coil cannot handle in 
rush currents continuously with de 
structive overheating. The latter can 
occur if the armature does not close 
for any reason after voltage is turned 
on. Then, impedance remains low, 
allowing current to continue at a high 
value. This unsatisfactory condition 
cannot exist in a d-c magnet coil since 
current is about constant regardless of 
whether the armature is open or closed. 
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Another circuit for controlling the change of voltage on the d-c brake coil. 


Here, the switch-over is initiated by action of a limit switch in place of the timing 


relay used in Fig. 2. 


brake into a-c motor circuit. 
Inrush Currents 
The windings of an a-c magnet coil 
require careful insulation and con- 


struction. The reason for this is ex 
plained by considering the results of 
a shorted turn. If one turn is shorted 
out of an a-c coil, the remaining 
turns feed high currents into it by 
transformer action This effect can 
cause overheating or, at 
least, a sizeable drop in efficiency. If 
one or several turns of a d-c coil are 
shorted, the result is a negligible in- 
crease in coil current. No power is 
transmitted into the shorted turns. 


d angerous 


Description of Brake 


The complete rectifier brake con- 
sists of a rectifier unit and a d-« 
electromagnetic brake assembly. One 


type of commercially availal Ye brake 
is pictured in Fig. 1. The components 
of the rectifier circuit are enclosed in 


Fig. 5—Elementary 
Power can be 


wiring diagram for connecting rectifier 
taken from any two wires of system. 


| separate cabinet. The rectifier as- 
sembly can also be supplied for inclu- 
sion in the main control cabinet of 
the machine or equipment of which 
the brake is a part. 

Control schemes vary with the 
manufacturer. One scheme upon 
which there are a few variations is 
shown in Fig. 2. The operation may 
be summarized as follows. 

When power is applied relay CR is 
energized, which in turn energizes 
transformer. The dotted lines Y, and 
Y, indicate connections available for 
operation from a separate control 
source. The transformer secondary 
windings dre series connected and 
furnish 220 a-c volts to the rectifier. 

Upon initial power application, full 
secondary voltage is supplied to the 
rectifier input through the normally 
closed contacts of series relay CR. The 
full rectifier output of approximately 
190 v is then applied to the brake coil. 
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To obtain rapid brake action, a | 
coil rated at 70 v on continuous op 
tion is employed. The relatively | 
voltage is temporarily placed ac 
the coil to result in greatly accelera -վ 
build-up of coil current compared to 
the build-up at rated voltage. Fa: er 
brake action results. 

As the coil current builds up 
reaches a value that is sufficient 
operate the brake armature, releas 
the spring-set brake. Further incre.se 
in current energizes the brake relay 
SR sufficiently for operation. When 
the normally closed SR contact opens 
resistance RH is inserted between the 
110 v center tap of the secondary and 
the rectifier input. The reduced a 
voltage and the insertion of series 
sistance lowers the rectifier input volt- 
age, but permits sufficient current to 
flow to safely hold the brake in the 
energized (release) position. 

The actual value of holding current 
at normal voltage has been set at 20 
percent of brake magnet drop-out cur- 
rent at normal torque setting. The 
corresponding brake coil voltage at this 
current value is 25 to 30 v, depending 
upon brake size. This low value of 
holding voltage not only keeps magnet 
heating at a minimum, but also insures 
fast setting of the brake by minimizi: 
the energy to be dissipated when the 
brake magnet is de-energized. 

The current input to a brake coil 
is plotted against time in Fig. 3. Note 
that there is a slight current drop 
when the brake armature seals. This 
is the point at which the impedance 
of the coil rises because the core air 
gap has closed. Now, impedance has 
no effect on steady state d-c power, 
but it does resist flow somewhat when 
the current value is rising (transient 
conditions). 

An abrupt drop in current value 
occurs when the brake relay operates, 
cutting the coil voltage to a lower 
value. In the system described, 
brake set time is around 2 second 
Release time varies from } second to 
one second, depending upon the siz 
of the brake. Larger brakes have a 
longer release time. 

In a second scheme, illustrated 
Fig. 4, a limit switch is mounted on 
the brake coil case. The rectifier unit 
is mounted separately from the brak« 
in a ventilated cabinet. 

When the main contactor is closed 
the coil of contactor BR is energized 
completing the d-c circuit from the 
rectifier. This causes activation of th 
brake coil. During the starting perio 
a limit switch mounted on the brak 
short circuits the holding resistance 
Thus, when the motor is started, fu! 
voltage is applied across the brake coi! 
immediately releasing the brake shoe: 
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W!.n the brake plunger reaches the 
m of its stroke, է mechanically 
s the contacts of the brake limit 
swich. This action inserts resistance 
ie circuit and lowers the current 
igh the brake coil to a safe operat- 
value. Opening the main contac- 
automatically causes the brake to 
y de-energizing relay BR. This 
is the brake coil circuit, allowing 
ig action to shift the armature. 
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Application 


[he rectifier-operated brake may be 
operated by single phase power օ»- 
tained directly from two motor ter- 
minals as shown in Fig. 5. Thus, the 
brake is released when power is ap- 
plied to the motor, and set when the 
motor is shut down. As an alterna- 
tive, the brake relay can be connected 
to a control source. Then, when the 
motor contactor is energized, the brake 
is released. 

Naturally, brake operating time 
must be considered. This is particu- 
larly true when the brake is used with 
an across-the-line motor. This is be- 
cause the motor is stalled under full 
power while the brake is being re- 
leased. This results in extra heat being 
developed in the motor windings. 
Consequently, the rectifier operated 
brake should not be applied when this 
type of motor is to be frequently 
started, unless a time delay device or 
an additional series relay with nor- 
mally-open contacts in the brake coil 
ircuit is used. In this way, the con- 
trol can be made to energize the motor 
at the exact time of brake release. 

This does not apply to slip ring 
motors with external resistors for 
speed control. In this type of motor, 
the added resistance is in the circuit 
on the accelerating positions of the 
controller. Since starting current is 
limited, negligible extra heat is devel- 
oped while the brake is being re- 
leased. 

Brake release time for one manufac- 
turer’s product varies from approxi- 
mately $ second on a 10 in. brake to 
less than one second on a 26 in. brake. 
It takes less than 0.2 sec for either 
brake to set. 

Initial energization power input for 
the same 10 in. brake is approximately 
800 volt-amperes, while for the larger 
size brake 1,250 v.a are required. 
Holding values are considerably less, 
heing 185 v-a for the smaller brake, 
ind 290 v.a for the larger. 


Specific Uses 


Most brakes used with rectifier 
inits are spring-set and magnetically 
released. The brake and rectifier units 
nay be employed on cranes, hoists, 
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To a-c source 


Fig. 6—Control circuit for wire spooling machine. 


Relay coil 


Relay coiis 


c 


This circuit has an interesting 


braking arrangement during jogging. By means of a timing relay, the brake coil is 


kept energized during intermittent pressing of the jog button. 


This makes for faster 


action and reduces wear on the brake lining and mechanism. 


turntables, conveyors, and other types 
of rotating machinery. 

One application of a rectifier brake 
is on a wire block and spooler. These 
two distinct machines which in com- 
bination first draw wire down to suc- 
cessively smaller diameters through a 
series of dies, and then automatically 
wind the finished product on spools. 
Between each of the dies is a driven 
spindle, around which the wire is 
wrapped to provide the tension needed 
to pull the wire from the previous die. 
After the wire is drawn through the 
last die, it is wrapped around the end 
spindle of the wire drawing machine. 
From the wire drawing machine, the 
wire is fed through a storage system 
into the spooler machine for the final 
spooling operation. 

In Fig. 6 is shown a typical brake 
circuit for the main motor in this 
application. When the jog button is 
depressed, coils JR and BR are ener- 
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gized. Relay JR has contacts in the main 
motor circuit to start the motor. At 
the same time, the BR contact in the 
brake circuit energizes the brake coil, 
causing the brake to open. Releasing 
the jog button opens the BR circuit, 
causing the brake to set once the BRT 
relay has timed out. This opens the 
JR coil circuit, cutting off power to 
the motor. 

In most cases, the machine is jogged 
only during the set-up operation. For 
short jogging operations, the brake 
need not set since the speed does not 
build up appreciably and the friction 
load is enough to stop the machine 
quickly. Accordingly there is no need 
to cause additional brake wear by 
making the brake set on a moving 
shaft. The brake is held open through 
the BR holding contact and the closed 
contact of the BRT timing relay. For 
longer jogging operations where the 
speed builds up appreciably, stopping 
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(B)- Control circuit 


Application of the rectifier brake to a conveyor drive motor. 
is unusual in that a separate contactor is used for the rectifier brake. 


ն 


FIOL 
F2A 


Fast 


motor 


Broke 


This circuit 
Thus, either 


motor can be removed from the system without disturbing operation of the other. 


is accomplished when the jog button is 
released by friction load plus brake 
action. In this case, the BRT closed 
contact opens, causing the brake to 
set immediately after the jog switch is 
released. 

When the run button is pressed, re 
lay BR is energized and the brake 
opens as before. In this case, the con- 
tacts of relay RR energize the main 
motor. Relay BRT cannot start tim- 
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ing out since its coil is opened through 
the normally closed contact on relay 
RR. Accordingly, after the initial en- 
ergization by the run button, the relay 
BR is held closed through the BR and 
BRT contacts. 

To stop the mechanism, the stop 
button is pressed opening contacts RR 
and allowing relay BRT to time relay 
BR out of the circuit, thus permitting 
a delay in application of the brake. 
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The delay in stopping the main n 
is required on run since stopping 
drive must be delayed until the 
inertia spooler is stopped, other 
snapping of the wire would result. |; 
jogging, however, a quick stop is 
missible. The reason for this is that 
in jogging the operator is gener:lly 
threading the wire through the dies, 
the spooler is not connected and the 
speed is not great. 

The need for a brake capable oí 
highly repetitive operation with low 
maintenance expense was apparent 
here, and a rectifier brake was selected 
for this application. 



















Conveyor Drive 





Rugged construction is required 
a screening machine used to separate 
coke into various grades. The con 
veyor drives for this machines are sub 
ject to considerable vibration and oper- 
ates in extremely dusty atmosphere 
Rectifier brakes were selected since 
they are less susceptible to service dif 
ficulties. 

The circuits for the conveyor drive 
motors are shown in Fig. 7. Two 
motors are employed on each conveyor 
one for fast speed and the second for 
lower rates of conveyor travel. 

The power circuit depicted is somc 
what unusual in that a separate starter 
for the brake is employed. This allow: 
for greater maintenance flexibility, 
since either motor can be detached 
from the line for maintenance pur- 
poses. Note that in this case one brake 
is used for two motors, because both 
motors are mounted on the same shaft 

The control circuit is fairly simple 
Pressing the Start (slow) button en- 
ergizes coil SBR. A contact on SBR 
closes the brake contactor coil circuit 
(BC), and release the brake. A con- 
tact on BC energizes SM and the slow 
speed motor starts. 

When a faster speed is required 
the stop button must be depressed 
Pressing the Start (fast) button ener- 
gizes FBR which also has a contact in 
the BC coil circuit to release the 
brake. F1A is energized and the motor 
starts on reduced voltage. Timing re 
lay (T) times out and energizes F2A 
while opening F1A thus applying ful! 
voltage to the motor. 

Depressing the stop button open 
FBR and F2A causing the brake to set 
and the motor circuit to be opened 
Note that when switching from slow 
to fast an interlock on FBR opens th 
SBR circuit which in turn cuts off th 
power to the slow speed motor. T. 
get back to slow speed, the stop bu 
ton must first be depressed. Note tha 
automatic electric braking eliminate 
another operator responsibility. 
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Streamlining Production Drawings 


tion necessary to perform that particular operation is 
given on its corresponding blueprint. 

Shown above are typical examples of these modified 
drawings. These four represent about one-third of the 


To save production time and also eliminate costly 
errors that result from misreading blueprints, Electrol, 
Inc. has obsoleted the conventional method of making 
production drawings. Instead of crowding on a single 
sheet all the dimensions and other data required to 
machine and otherwise produce a specific part, a separate 
drawing is made for each operation. Only the informa- 
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drawings, and the respective operations, required to 
8 | | 
produce a hydraulic piston. The designated departments 
and notes at left also appear on the drawings. 
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Ford Motor Compar 





Fig. 1—Nine different acoustic materials help deaden the noise in the 1952 Ford: 1 Ib asphalted felt (roof); 2 Ib asphalted felt (side 
cowls) ; 4 Ib asphalted felt (floors, dash); cut-back spray-on deadener (doors, rear quarter-panel); water emulsion spray-on deadener 
(wheel wells); one-inch, half-pound fiberglass (roof, dash); 27 oz jute (front floor); 40 oz jute (front toe-board) and rubber mat. 









NOISE IS ANY SOUND that is objection- 
able at a particular time and place, 
and noise level or loudness is not the 
only criterion. Psychological studies 
show that certain kinds of noises are 
more objectionable than others. For 
instance, the most objectionable noise 
to the human ear is a high frequency 
sound above 500 cps. And when a 
high frequency sound is heard in com- 
bination with a low, the low masks out 
the high so that it is often missed in 
the first study. But even though appar- 
ently unheard, the high frequency 
sound is a source of irritation. If only 
the low frequency sound is treated 
when this condition exists, the acous- 
tically treated product may appear 
noisier than the original 

Erratic noise is harder to tolerate 
than a rhythmic sound of the same 
pitch and loudness. Pulsed noises like 
repitative hammering are more irri- 
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Reducing Product Noise With 


Acoustic Materials 


tating than a steady noise of the same 
average amplitude; even if the pulsing 
is rhythmic. 

The best way to get rid of noise in 
a product is to design it out at the 
source of excitation. But where re- 
design for acoustic improvement is 
not practical, designers can often re- 
duce noise to a tolerable level by the 
proper use of acoustic materials. 


Using Acoustic Materials 


Noise reduction with acoustic ma- 
terials is still done on a trial and error 
basis, and a good treatment is usually 
the result of several minor improve- 
ments. The effectiveness of an acoustic 
material depends not only on its inher- 
ent sound reducing properties but also 
on how and where it is placed. In gen- 
eral, designers follow this plan: (1^ 
use absorbers to reduce the noise with- 
in a compartment; (2) use insulators 
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to prevent noise from moving from one 
compartment to another; (3) use iso- 
lators to prevent the conduction of vi 
brations; (4) use deadeners to reduce 
the singing or drumming of large pan 
els. 

Absorbers are materials that reduce 
the sound already in a chamber by pre 
venting its reflection. They convert 
sound energy to heat to reduce the 
noise level inside a compartment while 
permitting the transmission of some 
sound, Conversion may occur in two 
ways: dissipation of sound by friction 
forces, or transformation of sound 
into heat by viscous forces brought into 
play when sound is propagated through 
the materials. 

Insulators are mechanical barriers 
that block the pressure changes that 
make up the sound waves, and their 
main purpose is to prevent noise from 
leaving a chamber. They do not re- 
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e the internal noise level by any 
preciable amount. 


Resilient isolators get rid of noise 
ere vibrating parts join a structure. 
iey prevent the structure from acting 
a sounding board, and may work in 
her of two ways: by absorbing the 
xational energy through deflection 
the isolator, or by converting the 
ergy into heat through internal fric- 
in of the material without deflection. 
Drumming or singing of large un- 
pported panels that are loosely 
oupled is reduced by sound deadeners 
or danpeners that add friction to the 
scillating circuit and break up natural 
vibration frequencies. However dead- 
ners will not work on panels that are 
inder forced excitation. They will 
not replace good vibration insulation 
nor will they cure rumble due to poor 
design. The latter can be corrected 
only by proper bracing. 


Absorbers 


Absorbers are widely used acoustic 
materials because they are efficient 
at reducing objectionable high fre- 
quency noises. And commercial sup- 
pliers make a large variety of absorb- 
ing materials that can be applied to 
any kind of product. They are usually 
loose fibrous materials so that sound 
waves cause these light fibers to move 
and rub against each other and the fric- 
tion of rubbing changes the sound 
into heat. As a result the sound is 
dissipated instead of being reflected. 

A large number of substances and 
combinations of ingredients have suc- 
cessfully been used as absorbers. These 
include: vegetable fibers like wood, 
jute, bogasse, and cotton; hair felt; 
mineral fibers such as asbestos, glass, 
and mineral wool; and aggregates like 
pumice, vermiculite and perlite. The 
bonding agent used with these materi- 
als also affects sound absorption and 
foaming agents are often added to in- 
crease porosity. 

These materials are available in sev- 
eral forms: (1) prefabricated materi- 
als, (2) plasters, and (3) sprayed-on 
materials. Selection depends on cost, 
appearance, maintenance, service con- 
ditions, and method of application. 

The last item is important because 
how the absorber is affixed to the prod- 
uct affects the amount of sound ab- 
sorption. These methods are generally 
used: absorbers may be cemented di- 
rectly to the product; they may be 
nailed; or they may be sprayed on. 


Acoustic adhesives made especially 
for cementing sheets of absorbing ma- 
terial are available. In addition, the 
same cements used with heat insula 
tion can be used with acoustic absorb- 
ers. These are particularly useful when 
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Fig. 2—Ford Motor Company's Engineering Staff developed this 225 Ib "listening" 
mechanism for acoustic studies. Ford test engineers mount mechanism in rear seat of 


automobile and suspended microphone (center) picks up all noises entering car's in 


terior. Tape recording instruments gives permanent record of any noise as a check 


report on continuing improvements. Engineers ride thousands of miles yearly, on 


all types of roads, in order to get complete "noise record" of modern automobile 


the absorbing material is subjected to 
temperatures above 200 F. The acous 
tic cement must meet the same service 
requirements as the absorbing material 
For example, it may have to be fire- 
proof, have a certain vapor pressure 
be vermin-proof, etc. While this is a 
common method of affixing absorbers 
cements should not be used on a sur 
face that sweats. Also there is one 
acoustic objection to this technique 
When an absorber is cemented to a 
product there is no airspace left be 
hind it. Measurements show that the 
absorbing qualities of an installation 
are improved if such an air space is 
present. This is particularly true when 
absorbing low frequency noises. 
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Airspaces can be set up by nailing 
| t ' | + i + I 
sneets Ol ne absorber to structural 


trains the material 


at some points more than at others so 
that sound wa set the absorber into 
flexual vibratio that are lamp 

by friction ween the fibers Fi 
brous materials like felted asbestos, 


wood and glass fibers exhibit this addi 
tional sound absorl ing properly whi h 
is called diaph: iemati absorption 
Asbestos and mineral wool materials 
can be applied to a product by spray 
ng the shredded fiber, with a suitable 
vinder, directly on the surfaces to be 
acoustically treated. After spraying 
the material is rolled or tampered to a 


smooth surfaci The al sorbing quali 
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FIGS 


ties of sprayed-on materials depend 

on the porosity and thickness of the 

coat. 
Main 


disadvantage of spraying 
materials is their structural 
weakness when applied too loosely or 
with insufficient PE ider. Also, vibra- 
tions may shake the fibers loose. How- 
ever, they are used widely where ap- 
pearance is an important factor because 
they can be painted repeatedly with a 
vater base paint without losing much 
of their sound absorbing properties. 

Acoustic plasters are used when a 
broad area requires acoustic treatment. 
However, plasters must be applied by 
expert craftsmen to obtain rated sound 
absorption coefficients. The mix pro- 
portions and the recommended mixing 
time must be adhered to strictly; the 
surface requires stipling to prevent a 
glazing which disrupts their ability to 
absorb noise; and the surface texture 
must be produced at the correct time 
and to the exact degree 

High temperature areas can be 
treated with ordinary acoustic absorb- 
ers providing they are protected from 
the heat by layers of heat insulating 
materials. These materials act as a 
thermal break, but because of their 
fibrous construction also help absorb 
the noise 

Since their purpose is to prevent 
reflection, the absorber should cover 
as much of the chamber's surface area 
as possible. Any uncovered area will 


acoust 
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Percent Sound Absorption 


3—Schematic diagram illustrates how an insulator and absorber work. The insula- 
reflects the greater portion of the sound energy; while the absorber converts most 


absorption curves for spun glass indicate 
the effect of increasing absorber thickness. Curves also show absorbers' ability to 


bounce the sound back and forth and 
diminish the effectiveness of the acous- 
tic treatment. Noise reduction can be 
increased by increasing the thickness 
of the absorber, Fig. 4. However, even 
a thick absorber covering only a small 
amount of surface area will have little 
or no beneficial effect. 

Sound reduction properties of ab- 
sorbers can be compared in a room 
that is free of disturbing noises. To 
make the test, the reverberation time 
of the room is first measured. This is 
the time required for a sound of a 
known level to reach a specified lower 
level. The absorbing material is then 
placed around the room and a new re- 
verberation time is measured. The 
shorter the reverberation time, the bet- 
ter is the material as an acoustic ab- 
sorber. The construction industry is a 
big user of absorbing materials, some 
of which are slightly different than 
those described above. For example, 
some acoustic tile has many holes 
drilled in it to increase its absorption 
of sound waves. The sound, instead 
of being reflected back into a room, 
enters these holes and is reflected in- 
side the hole until it is dissipated. 
Cloth drapes are another popular ab- 
sorber in this industry. 

Most economical treatment usually 
makes the absorber perform more than 
its sound reducing job. In automo- 
tive design, car upholstery has an 
accoustic and appearance function. 
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Insulators 


Although often confused with 
acoustic absorbers, insulators perform 
an entirely different function. They 
contain noise in a chamber without 
reducing the internal noise level appre- 
ciably. 

As mechanical barriers, insulating 
materials are dense, massive and im- 
pervious to air. They must also be 
stiff so they do not act as diaphragms 
and set up secondary noises. In gen 
eral the heavier a material is the bet- 
ter an insulator it is. Since they act 
as a bar to the passage of sound 
waves, any opening in an insulator 
drastically reduces its effectiveness and 
Openings are the chief problems in 
using these materials. If the design 
requires an opening for wires, piping 
or ducts, a seal should be used around 
the opening to maintain the insulation 
effect, and an acoustic filter should | 
placed in ducts and large pipes. 

Materials used as acoustic insulators 
include: steel, wood, thick rubbe 
mats, lead, linoleum, asphalt impreg 
nated felts, and heavy dense fibe: 
paddings. Selection depends on: d 
gree of noise reduction desired, cos! 
availability, ease of fabrication and in 
stallation, weight limitations, an 
service conditions. 

For example, lead is an excellen 
acoustic insulator because of its den 
sity. But its weight, and lack of struc 
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deaden high frequency sounds. While increasing the thick- 
ness of the absorber improves noise reduction, economic 
and production factors may limit the thickness that can be 
used in a specific application. Fig. 5—Resnlts of Sound 


tural strength limits its use. In an 
automobile, a heavy steel insulator be- 
tween the engine compartment and 
the car interior would make for quieter 
riding by keeping engine noises out 
of the car. But the cost, weight, instal- 
lation and heat transfer problems make 
it impractical when compared to a 
material like asphalt-impregnated felts. 

Gear boxes are a source of noise 
that are particularly well suited for 
treatment with insulators. Since 
many of these are already enclosed by 
metal for safety reasons, it is easy to 
reduce gear noise by increasing the 
thickness of the enclosure and sealing 
around shaft openings. 

For reasons of economy and weight 
saving, designers often combine layers 
of insulating materials. Two such 
popular laminations are steel or alumi- 
num lined with linoleum, and alter- 
nate layers of asphalt impregnated 
felts and fiber pads. Usually, as long 
as the lamination is impervious to air, 
it will have some beneficial effect as 
an insulator. 

Studies in a sound test tunnel will 
produce data for comparing insulating 
materials by measuring the transmis- 
sion loss through them. The tunnel 
is a rectangular wooden box that is 
lined with absorbing material; one 
end is open and has a loudspeaker 
facing out of the box. The insulator 
to be tested is placed against the loud- 
speaker so that it seals the tunnel. 
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Sounds of a measured intensity and 
varying frequency are played through 
the loudspeaker and picked up by a 
microphone, after they have passed 
through the insulator. They feed into 
a sound analyzer, a sound level meter 
and a Brush recorder to produce a 
graph of — versus frequency 
(Fig 5). This indicates the transmis- 
sion loss in decibels, the difference 
between the sound level at the source 
and the level outside the insulator. A 
good insulator has a big transmission 
loss over a wide range of frequency. 

Usually the first step in attacking 
a noise problem is to try to isolate the 
noise with an insulator, or to reduce 
the noise level with absorbers. So 
absorbers and insulators are some- 
times used interchangeably with un- 
satisfactory results. The designer can 
avoid this by remembering that in- 
sulators do not reduce the internal 
noise level appreciably; but they do 
cut down the transmission of sound. 
Absorbers do reduce internal levels; 
but they transmit an  appreciable 
amount of the noise outside the com- 

artment. 

Absorbers can be used in combina- 
tion with insulators to increase the 
effect of a limited amount of absorb- 
ing material. In this case, the absorber 
is backed up with a good insulator 
which reflects the noise back through 
the absorber. This gives the effect of 
twice the thickness of absorber and at 
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Transmission Tests in sound tunnel indicate comparative 
value of these materials as acoustic insulators. The dense 
(1.11 Ib/fc*) asphalt felt is the best insulator of these four 
materials. Response indicates noise level after insulator. 


the same time reduces the intensity of 
the noise being transmitted outside 
the compartment. 

Also acoustic insulators and ab 
sorbers are often confused with 
thermal insulators and absorbers, 
primarily because of a carryover of 
nomenclature. It is common to recom 
mend and advertise a material as a 
good “thermal and acoustic insulator.” 
What is meant is that the material is 
a good thermal insulator and a good 
acoustic absorber. Because of their 
porous fibrous composition sound ab 
sorbers make good heat insulators and 
the two can be used interchangeably, 
but sound insulators make poor heat 
insulators. 


Isolators 


In general, the more a material de 
flects, the better an acoustic isolator 
it is. Materials commonly used are 
springs (for light members), fclt 
natural or synthetic rubber and neo 
prene. They are placed as close to 
the source of vibration as possible 

However, the use of these materials 
does not guarantee a good isolation 
job. The machine must be designed 
so that the isolators are not bypassed 
and vibrations transmitted through 
other members that are rigidly con- 
nected to the vibrating part. Isolators 
with incorrect properties provide no 
benefit or make the noise worse. 

Isolators have other important jobs 
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Table 1 


CP 100 200 


Loss Factor Decibel Ս 3 


Table II 


1. Vibration decay—Using the 


Geiger thick 


Sound Reduction Specifications for a Typical Insulator 


600 800 1000 2000 3000 
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Specifications for a Typical High Efficiency Fluid Dampener 


plate method, over a range of 60 


decibels, the decay time shall be no greater than 60 seconds over a temperature range 


to 90 F 
Adhesion—85 


$ from 30 
2. Cold percent 
3 

au 


rate shall be one quart per minute. 


4. Sag—A in. maximum at 0.5 lb per sq ft. 


Settling—The material shall not settle or separate out within a period of 30 days. 
Chemical Resistance— The material shall be impervious to cleaning and other 


5 


6. 


for a surface density of 0.5 lb per sq ft dry weight. 
retention. 

Sprayability—Shall be suitable for use with commercial applicators, and produce 
niform coating with a minimum spray back of sand or other solid particles. Flow 


solutions encountered in usual manufacturing. 


Specifications cover a mastic type deadener composed of Asphalt Clay, Asbestos, 
Limestone resin and solvent. 
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Fig. 6—Mastic sound deadener sprayed on the panels of this home air conditioning 


unit prevent the panels from acting as a sounding board for fan vibrations. 


in addition to noise reduction and 
their design and functioning has been 
covered extensively in previous arti- 
cles (PRODUCT ENGINEERING: April 
'49, p 86, Feb. '50, p 104, Dec. '50, 
ք 130, Dec. '50, p 167) 
Deadeners 
Two kinds of deadeners are used 
solid materials—like waffled felt, jute, 
sheet mica and sheet lead—cemented 
to the panel, and mastic coatings af 
plied to the panel. 
Because of their easy application, 
mastics are being used more exten- 
sively. They can be sprayed, rolled, 
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troweled, flowed or brushed on. Basi 
cally they may be considered as sand 
particles suspended in tar and there 
are two types: emulsion and cutback. 
The emulsion mastic uses water as a 
solvent while the cutback uses an 
inflammable solution. The latter has 
better stability, adhesion and will not 
freeze. But the emulsion type is neces- 
sary in applications where a fire haz- 
ard prevents the use of inflammable 
materials. Table II lists typical speci- 
fications for a high efficiency damp- 
ener. 

Panels that are dampened by mastic 
coatings require no special pre-treat- 








ment. They don’t even have 

clean. However, after applicatio 
coatings have to be baked for 
hours at 275 F to obtain max 
dampening. 

Tests on dampened panels” how 
that there is a limit to what dead 
can do. After a certain area o 
offending panel is treated, addit 
deadener produces no apprec 
benefit. Therefore tests in the produ 
define how much deadener to use and 
no more is than is absolu:el 
necessary. 

The Geiger plate test (conducted in 
an ordinary room), is used to compare 
relative deadening values of mastic 
coatings. A standard steel plate, that 
has been coated with the mastic in a 
cordance with test specifications, is vi- 
brated at a fixed frequency. A vibra. 
tion pickup and timer measure the tim 
required for the plate to reach a spe 
cified reduced amplitude of vibration 
after the oscillation excitation has been 
removed. Shorter times mean better 
dampeners. 


used 


Test Equipment 


Because the human ear is an unre 
liable device for comparing sounds, in 
struments are used for all measure 
ments. For instance, the Ford Motor 
Company engineers record car noises 
with a tape recorder under identical 
conditions before and after acoustic 
treatment. They play back the tapes in 
the laboratory and make measurements 
to verify the improvement. 

The basic instrument for this meas- 
urement is the sound level meter which 
measures the intensity of sound in de- 
cibels, a logarithmic ratio of that sound 
to an arbitrarily selected sound. This 
device is a must in acoustic work. 


Table III—Equipment for 
Acoustic Testing 





MINIMUM EQUIPMENT 


1. Sound level meter 
2. Sound Analyzer 
3. Stroboscope 
4. Stethoscope 


FOR THE COMPLETE LABORATORY 


1. High Fidelity magnetic recorder 
2. High Speed level Recorder 

3. Vibration analyzer 

4. Fastox Camera 

5 


. Good loudspeaker 


MORE ELABORATE EQUIPMENT 


1. Vibration meter 

2. Sound level Response Recorder 
3. Cathode Ray Oscillograph 

4. Magnetic Recorder 

5. Beat Frequency Oscillator 

6. High Quality Microphone 

7. Audio Amplifiers 
8. Electronic Voltmeters 
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Basic Considerations 
Cost of equipment 

Event duration 

Types of photographic record 
Determination of repetition rate 
Choice of exposure duration 
Establishment of time scale 


High Speed Cameras 
Basic operation 
Characteristics of major types 


Typical Fields of Application 
Knock in piston engine 

Atomization for spray drying 
Vibration in structures 
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What Is It? 


When used to observe and record 
simultaneously dynamic phenomena, 
high-speed photography is a versa- 
tile and valuable tool. It not only 
offers the designer all of the advan- 
tages generally associated with or- 
dinary stills and moving pictures, 
but it also puts at his disposal a 
means for actually studying mo- 
tions and events that until recently 
have never been “stopped” or slowed 
down to perceptible speeds. This is 
particularly true of transient or 
nonreproducible phenomena. 

Of great importance in dynamic 
experiments is the fact that photog- 
raphy of a moving part does not 
alter its mass, nor affect the forces 
acting upon it, and thus does not 
influence its motion under the ac- 
tion of accelerating forces. The 
camera has no intelligence, hence 
conclusions derived from informa- 
tion so obtained depend only upon 
the experimenter himself and are 
not “colored” by observations of an 
intermediate human observer. 

High-speed photography offers a 
powerful method of research and 
development, able to cope with rapid 
physical changes of which there are 
four basic types: (1) linear motion, 
such as a rocket in flight: (2) rota- 
tional motion, like a revolving gear; 

3) growth or shrinkage of an ob- 
ject, such as the deformation of an 
aircraft tire under the impact of 
landing; and (4) homogeneous 
changes throughout an object, as in 
the autoignition of a homogeneous 
mixture of combustible gas and air 
while being compressed. 

Data obtained with a high-speed 
camera are both quantitative and 
qualitative: quantitative when 
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purpose is to determine the exact 
velocity of a motion already known 
to occur; qualitative when the aim is 
to discover changes or motions not 
already recognized. The results of 
qualitative photography are often 
of great value in that they may 
lead to quantitative evaluation after 
motions or changes are revealed. 

High-speed photography is a 
means for arresting or retarding 
the motions of rapid events so that 
they can be understood and an- 
alyzed. The results are an expansion 
in the time base or time magnifica- 
tion relative to other factors in- 
volved in the event. Time magnifi- 
cation is equal to the rate at which 
motion-picture frames are exposed 
divided by the rate at which they 
are later projected. Time magnifica- 
tion is the opposite of the effect pro- 
duced by the “time-lapse” photo- 
graphic technique, wherein a series 
of pictures is exposed with long 
time intervals between frames. Hefe 
the result is a compression of the 
time scale and an apparent speed-up 
of the event upon projection. 

The term “high-speed photogra- 
phy” therefore includes the taking 
of pictures with short exposure dur- 
ations, as well as at high rates of 
repetition. The term is usually ap- 
plied only when the exposure dura- 
tion is less than one millisecond. 


What Does High-Speed 
Photography Cost? 


The cost of high-speed photogra- 
phy is largely determined by the 
number of frames required in one 
"burst", the shortness of exposure 
desired, and the required repetition 
rate or number of frames exposed 
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per second. A fourth factor that 
fluences overall cost is the complex- 
ity of the phenomenon under study 

The principal expense item is ap- 
paratus. Equipment for single high- 
speed frames may cost from $50 ti 
$5,000, whereas equipment for large 
numbers of images at high repeti- 
tion rates may cost $1,000 to $100,- 
000. The simpler, commercially 
available, high-speed motion-picture 
cameras and accessory equipment 
such as lights, stands, speed con- 
trols, and lenses may require an in- 
itial investment of $2,000 to $8,000 
On the other hand, operational costs 
for film, processing and printing 
average about $10 per run. 

The repetition rates needed in the 
solution of many practical problems 
sometimes exceed those attainable 
with high-speed cameras commer- 
cially available. Since equipment 
costs for producing such repetition 
rates would be prohibitive for 
many potential users, the complete 
facilities at centralized research 
and development laboratories can be 
engaged at a reasonable cost. 


Who Should Take 
High-Speed Photographs? 


In many instances, personnel of 
the photographic department in an 
industrial plant or research labora- 
tory can take high-speed photo- 
graphs satisfactorily. But as the 
complexity of a problem increases, 
the project engineer is consulted 

In recent years, as the applica- 
tions of scientific photography ha: 
become more widespread, a nev 
member of the research team has 
come into being: the specialist i: 


photographic instrumentation. He 


should have the scientific baci 
ground necessary both to unde 
stand the uses and limitations («í 
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phi graphic instrumentation, and 
to comprehend the nature of the 
physical problem. 


Where Can the Product 
Engineer Learn More About 
High-Speed Photography? 

Most of the published data are in 
the scientific and technical periodi- 
cals, particularly the Journal of the 
Society of Motion Picture and Tele- 


vision Engineers; Section B, Photo- 
graphic Technique and Science, 
Photographic Society of America 
Journal; Photographic Engineer- 
ing, the journal of the Society of 
Photographic Engineers ; Section B, 
Journal of the Royal Photographic 
Society of Great Britain; and the 
French digest publication, Sciences 
et Industries Photographiques. Ad- 
ditional data appear from time to 





Basic Considerations 


Translational speeds for common 
events covering the entire range 
from one fps up to the speed of 
light are shown in Table I. In ob- 
serving events, whether they are of 
extended or limited duration, Fig. 
1, the need for time magnification 
bv high-speed photography and the 
degree of the needed time magnifi- 
cation are determined by three ele- 
ments: (1) The distance through 
which the motion of the object can 
be observed at a velocity constant 
in both magnitude and direction, 
(2) the speed of the object, and (3) 
the dimensions of the object. 

The degree of the needed time 
magnification varies inversely with 
the distance through which the 
movement can be observed, and di- 
rectly with the speed of the move- 
ment, Unavoidable limitations of 
the distance through which a move- 
ment can be observed may be the 
fact that the motion continues in 
one direction through only a short 
distance, or that the position of the 
observer is close to the path of the 
moving object. The latter condition 
causes the movement to become 
nearly parallel with the line of sight 
within a very short time interval. 

Small dimensions of the moving 
object limit the distance at which 
the movement can be observed. They 
can, therefore, be an indirect ob- 
stacle to visual observation when 
the first two limiting elements are 
not inherently too serious. Small di- 
mensions may require repetition 
rates in excess of those dictated by 
a desired time magnification, in or- 
der that “jumping” of the object 
on the projection screen can be 
avoided. Also small dimensions of 


moving objects necessitate expo- 
sures of short duration. 

The slowest of the events in 
Table I, the turning of cast iron in 
a lathe, cannot be studied easily by 
eye. Though the speed of one foot 
per second is low, accurate observa- 
tion is limited by the small dimen- 
sions of the chips, and the shortness 
of the distance through which the 


time in many of the scientific and 
technical journals throughout the 
world. The Society of Motion Pic- 
ture and Television Engineers and 
the Society of Photographic Engi- 
neers conduct semiannual or annual 
symposia on high-speed photogra- 
phy and related subjects. The few 
available books on this subject are 
listed in the Bibliography at the 
end of this article 


chips move with constant speed and 
direction, The same considerations 
prevent visual observation and 
study of most of the other events 
in the lower ranges of velocity 
shown in Table I. Motion of the au- 
tomobile at 44 ft per second, how- 
ever, can be clearly observed by a 
man standing at an appreciable dis- 
tance from the road. Moreover, the 
movement of stars through space at 
speeds of 10* ft per sec are much too 
slow to observe by eye. This motion 


Table I—Velocity Scale 
for Common Events of Extended Duration 


Խրամ | 
velocity, 
ft per sec 


muneri iun ետե»... . 


Roughing cut on soft steel in lathe.. 
Drawing of fine copper wire 


Surface movement of small internal grinder. . 


Automobile at 30 mph 
Leather belting in power transmission. . 
Band saw wood 


cutting 

Surface movement of Bakelite grinding wheel 
High-speed steel belting in power transmission . : 
Flame cx in combustion chamber of piston 


Peripheral movement of high-speed rotating machines! 
— as centrifuges, high- -speed-camera drums 


rate of fuse wire on violent ad. եշ 


ME i e Eh - 
Movement of meteors in space. . 


Movement of faster stars through space. . 


Orbital motion of electron in hydrogen atom 


Main stroke of lightning 


discharge | 
Electron after acceleration through 10,000 volts. ... 
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can be determined only from photo- 
graphs taken at intervals of months 
or years, or spectroscopically if the 
motion is in the line of sight. This 
phenomenon is an extreme example 
of the advantages of a distant view- 
point, the great distance through 
which motion continues with con- 
stant speed and direction, and large 
dimensions of the moving object. 
The principle illustrated by this ex- 
ample is one having universal ap- 
plication in the determination of 
needed time magnification which 
plays such an important role in the 
photographic study of motion. 


Events of Limited Duration 


Some common events having fin- 
ite duration are listed in Table II. 
This list also shows the necessary 
repetition rates and the correspond- 
ing time magnifications to cause 
each event to have the same dura- 
tion on the projection screen. A 
time magnification of unity is as- 
sumed for the first event, and a 
projection rate of 24 frames per sec- 
ond for all events. A total of 2,400 
frames would be required in each 
case to provide a duration of 10* sec 
on projection. High-speed photo- 
graphs have been obtained of all 
these events, except possibly the 
electric spark in air. For the faster 
events, however, the repetition rates 
shown in the table have not been at- 





tained, nor has the 2,400-frame se- 
quence. 


Types of Photographic Records 


Techniques for exposing photo- 
graphs can be divided into two basic 
classes: Image-forming photogra- 
phy relates to the reproduction of a 
visual scene in two dimensions, 
whereas non-image-forming pho- 
tography is a uni-dimensional rep- 
resentation of a variable, such as a 
recording of the electron beam on 
an oscilloscope screen. As in this 
case, time often appears as a sec- 
ond dimension in the photographic 
record. In non-image-forming pho- 
tography, a focused point of light 
may move while the film remains 
stationary, the film only may move, 
or both the focused point and the 
film may move. 

Under each of the two basic clas- 
sifications, photographic techniques 
can involve stills or single frames, 
and motion pictures or multiple 
frames, Under each of the four clas- 
sifications — image-forming stills 
and motion pictures, and non-im- 
age-forming stills and motion pic- 
tures—a further classification can 
be made as to single exposure per 
frame or multiple exposures per 
frame. However, multiple exposures 
per frame are only rarely produced 
in motion pictures. 

Each classification can be further 


Table ii—Repetition Rates for 


յ 


Common Events of Limited Duration 


Repetition | magnification 


EVENT Duration rate needed, when projected 
of event, frames | at 24 frames 
sec | persec per sec 
aa asaan | 
Complete history of major | 
blasting operation. ........ 10: 24x10 | 1 
Formation of a spray plume | 
from under water explosion... . 24x10 | 10 
of incandescence of | 
tungsten lamp.............. d 24x10 | 10* 
Burning of photoflash | | 
filled with aluminum foil... ... | Թ" 24x10 | 10 
Single rotation of flywheel | . | 
at 6.000 rpm ............... .| 107 24x10 | 10* 
Operation of fast camera shutter... 10* | 24x10 | 10: 
Detonation of an explosive charge...  10~ 24x10 | 10° 
Flash of xenon-filled tube......... 10^* 2.4 x 10* 10 
Electric spark in air.............. 


10^* 2.4 x 10? 10* 


PnRopuci 





broken down on the basis o£ : 

sure duration per frame, and 1. pe. 
tition rate or frames per se 
For both stills and motion pict 
exposures per frame from 10 
10° second have been reported 


iu. 


High-Speed Motion Pictures 

The principal broad types oi 
equipment for exposing motion pic- 
tures include intermittent, continu- 
ously moving film, drum, spark, 
electronic shutter and focal-pline 
scanning cameras. These cover a 
range of repetition rates up to 10’ 
frames per second. 

As the repetition rate increases, 
various difficulties and disadvan- 
tages are encountered. The appara- 
tus becomes more complex and ex- 
pensive. Resolution may be dimin- 
ished. The maximum number of 
frames that can be exposed de- 
creases. The maximum duration of 
the event that can be covered is re- 
duced. Projectability may be im- 
paired. The camera designer must 
strive to avoid all these disadvan- 
tages, and others, to the maximum 
extent possible. The degree of excel- 
lence of the compromise, between 
these qualities and the repetition 
rate, largely measures the value of 
any high-speed photographic equip- 
ment. The value of such equipment 
cannot be measured in terms of at- 
tainable repetition rate alone. 


Repetition Rate and 
Duration of Exposure per Frame 


The design engineer who wishes 
to utilize high-speed photography 
will be concerned at the outset with 
two equally important parameters: 
Repetition rate and duration of e:- 
posure per frame. When exposure 
durations per frame are adjustable 
independently of repetition rate, the 
repetition rate is governed princ- 
ipally by the degree of time magni- 
fication required, as discussed quali- 
tatively above in the treatment of 
Events of Extended Duration. In 
many camera designs, however, the 
exposure duration is permanently 
fixed at some value inversely pro- 
portional to the repetition rate. 
When such cameras are used, th: 
necessary repetition rate may b: 
governed by the need for an expo- 
sure duration per frame not to ex- 
ceed some definite value. This con- 
dition may result in an undesirably 
hich repetition rate from the stand- 
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Critical 


Nx 
D* Length 


D* Diometer 


Key to oxes ——-—* * Direction of object movement 
==- === Line of view 


importonce of w/D 


w/D*01 
(Recognizobie) 


ko ol 
w/D*OOI! 
(Clearly visible) 


Fig. 2. Exposure duration depends on two factors, in addition to 
the speed of the object: the critical dimension D of the object 
and the width w of the crescent areas at the leading and trailing 
edges of the object. The w/D ratio determines object clarity. 


point of the time magnification. 
The practical upper limit for ex- 
posure duration is the reciprocal of 
the repetition rate. This value is 
not achieved in most designs be- 
cause a large exposure duration is 
desirable only when the primary 
objective is a moving picture on the 
projection screen for study in slow 
motion. Often the primary objective 
is a series of still frames from 
which measurements can be made. 
In such cases, the most desirable 
exposure duration is the shortest 
compatible with adequate density. 
If the dimensions of a moving ob- 
ject are given, the exposure dura- 
determines the maximum 
translational velocity at which the 
bject can be photographed. If the 
velocity of an object is stated, the 
exposure duration then determines 
the minimum dimensions of the ob- 
ect that can be photographed. The 
maller the dimensions of a moving 
bject or the greater its speed, the 
horter must be the exposure. 
When photographs are obtained 
rimarily for projection on a screen 
s a motion picture, a median fine- 
ess of detail is acceptable. The res- 
lution of the motion picture ap- 
ears perceptibly better than the 
esolution of any particular frame. 
in the other hand, if accurate 
ieasurements are to be made from 
he individual frames as stills, a 


tion 


finer resolution is 
such work, movement 
during the exposure of a frame 
must be minimized for any object 
whose position is to be measured. 

In calculating the necessary ex- 
posure duration, the dimension of 
the moving object in the direction 
of motion, Fig. 2, is as important 
as the speed of the object. For a 
moving sphere, this dimension is 
the diameter. For a cylinder moving 
in the direction of its axis, the crit- 
ical dimension is the length. If a 
cylinder were moving in a direction 
perpendicular to its axis, the diam- 


considerably 
needed. In 


eter would be important. In 
case, the critical dimension in in- 
ches of a moving object will be des 


ignated as D in 


any 


the following dis- 
cussions. 

With finite exposure duration, the 
leading and trailing edges of any 
moving object will appear in էհ 
photographs not as sharp lines, but 
as shaded areas. The width of thes 
areas, in the direction of motion, is 
equal to the distance through whic} 
the object moves during exposure 
(slightly less if the photographi 
emulsion requires an appreciable 
in inches will be designated w, as 
threshold This width 


measured on the subject rather 


exposure). 


than on the image. 

In determining what the expo- 
sure duration must be, the design 
engineer must first decide how 
great a value of w can be tolerated. 
This decision may be 
one or the other of 


controlled by 
' two factors 
First, the ratio w/D must be small 
enough so that the object can be 
seen 


in the photographs. Second, 


w must not be of a larger order 
than the permissible error in meas- 
urement of the position of the 
object on the still frames. 

If w/D is greater than unity, the 
object will not be visible in a still 
frame, except possibly as a mean- 
ingless streak. If w/D is about 0.1, 
the object will probably be recog- 
nizable, but its edges will be dis- 
concertingly blurred. In most cases, 
a value of w/D of 0.01 is acceptable 

If w is two to four times as great 
as the permissible error in measure- 


Fig. 3. Battelle camera, with author-designer Miller making an adjustment, is 
capable of 100,000 frames per sec. All photographs are taken through the same 


lens from same viewpoint, thus avoiding distortion from frame to 


frame. 


Camera can be used to photograph luminous or non-luminous objects, as well as 


for shadowgraph and schlieren studies. 
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ment of position, the center of the 
shaded area representing the lead- 
ing or the trailing edge may pos- 
sibly be estimated with sufficient 
accuracy. A value of w no greater 
than the permissible error is gen- 
erally more satisfactory. 

The tolerable value of w must be 
taken as the lower value determined 
on the basis of the acceptable value 
of w/D, or directly from the toler- 
able error in measurement of posi- 
tion. After this tolerable value of 
w has been determined, the maxi- 
mum permissible exposure duration 
per frame, t, (in seconds) can be 
computed from the following equa- 
tion, in which v represents the 
speed of the moving object in inches 
per second: 


t=w/o (1) 
In the Battelle high-speed cam- 
era, Fig. 3, and in one of the NACA- 
Miller cameras, a simple adjustment 
can be made to cause an object 
moving in a single direction at a 
constant speed to remain stationary 
on the film during exposure. This 
adjustment causes all stationary 
objects to move on the film in the 
opposite direction. However, it 
often happens that the moving ob- 
ject is small and the stationary 
objects are relatively much larger. 
In such cases, the motion of the 
larger objects on the film during 
exposure may not be objectionable. 
This adjustment permits much 
longer exposure durations than 
would result if Eq (1) is used. 
When such a device cannot be 
applied to circumvent Eq (1), the 
required repetition rate may be 
governed by the value of t found 
from that equation. In most high- 
speed cameras, the repetition rate 
R (in frames per second) is related 
to t by the following equation, in 
which 6 is a constant, characteristic 
of the camera, 
R= 6/t (2) 
Often, the value of R dictated by 
Eq (2) is much higher than the 
value that would be determined 
from the desired time magnifica- 
tion. However, when this condition 
does not exist, the desirable time 
magnification can be used as the 
basis for choosing the repetition 
rate. 
In the qualitative discussion 
above concerning Events of Ex- 
tended Duration, three basic ele- 
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ments were considered as to their 
bearing on the desirable degree of 
time magnification. The effect of 
these basic elements can be sum- 
marized in the following statement: 
The desirable time magnification 
depends upon the shortest observ- 
able duration of motion of any ob- 
ject in a constant direction and at 
constant speed that the engineer 
wishes to see. The subject may 
consist of one discreet object, mov- 
ing for a certain period in one 
direction and at one speed. Deter- 
mination of the desired time mag- 
nification is then very simple. At 
the other extreme, the subject may 
consist of hundreds of objects, mov- 
ing in various directions at various 
speeds. Each object may move in 
a constant direction and at constant 
speed for only a very brief pericd. 

For the simpler case of one mov- 
ing object, it is only necessary that 
the observable duration of the mo- 
tion in one direction and at one 
speed be increased to a value that 
can be perceived by human con- 
sciousness. The shortest duration 
of such motion that can readily be 
perceived appears to be about one- 


Spork 
controls 


quarter second. A half secon 
much more satisfactory, while 
rations of two or three seconds are 
superfluous. Thus, with no: 
projection at 24 frames per 

six frames represent a prac? ica! 
minimum for resolution of a m: ve. 
ment. The minimum accept 
repetition rate is therefore 

R = 6/T, 

where T is the duration in seconds 
of the critical movement in one 
direction and at one speed. 

The complex case of many mov- 
ing objects is no more perplexing in 
the determination of needed time 
magnification than it is in the 
termination of the necessary ex- 
posure duration. In either case, thi 
critical object must be chosen, i: 
its most critical movement, and Eq; 
(1), (2) and (8) applied. 

For satisfactory projectien as 
motion picture, small dimension: 

a moving object may require his 
repetition rates than would 
needed on the basis of desired time 


magnification. If such an object 


moves through a distance greate 
than the critical dimension D, 
tween the exposures of two 


Timing disk with 
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Fig. 4. High-speed cinephotomicrography is used when the subject 
under study has very small dimensions. Exposures as short as 0.1 
microsec can be obtained by the method shown. Motor synchronizes 
rotation of prism and spark timing. Light,from spark is transmit- 
ted through specimen and reflected by prism onto film in drum. 
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ces- ve frames, its motion will not 

be,'ollowed readily by the eye on 

the projection screen, even though 

apparent duration of the move- 

t is adequate. Thus, for satis- 

factory projection, the movement 
the object between successive 
mes must be less than D. This 
terion calls for a repetition rate 
iforming to the following in- 
iality: 


2 


R »v/D (4 
In studies where the necessary 
data for determining R or t are 
not available, high-speed photog- 
raphy must be used qualitatively. 
Photographs taken at progressively 
higher rates are studied as motion 
pictures until the nature of the 
movements becomes clear. 


Image Dimensions 


One of the disadvantages that 
isually go with high repetition 
rates is small image size. In the 
design of a camera, it is general 
practice to choose the image size 
before fhe unit is built. Only a few 
cameras permit a change in the 
compromise between image size and 
repetition rate after assembly. In 
all cameras, the image size can be 
made as small as desired, but usu- 
ally without a consequent increase 
in repetition rate. 

In the design of a camera having 
a fixed ratio of repetition rate to 
exposure duration per frame, sac- 
rifice of image size contributes 
toward both short exposure dura- 
tions and high repetition rates. Al- 
though short exposure durations 
enhance the resolution of moving 
objects, small image size is directly 
detrimental to the resolution of 
both moving and still objects. 
Hence, as image size and exposure 
duration are progressively reduced, 
a point is reached at which the 
direct detrimental effect of reduc- 
tion of image size offsets the advan- 
tage of the reduction of exposure 
duration. 

A rough correlation exists be- 
tween needed exposure duration 
and the ratio of image-to-object 
dimensions. In general, shorter ex- 
posure durations are required with 
cinephotomicrography than with 
small ratios of image-to-object di- 
mensions. Such a rough correlation 
exists only because photomicrog- 
raphy involves smaller objects than 
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normal photography. With the 
smaller moving objects, an accept- 
able value of w/D calls for lower 
values of w, and the permissible 
errors in measurement of position 
are usually smaller. This condition 
also dictates smaller values of w. 
Fig. 4 shows one setup for taking 
high-speed cinemicrophotographs. 

Regardless of the ratio of image- 
to-object dimensions, the needed 
exposure duration for stopping 
movement is determined by Eq (1). 
When a phenomenon has been speci- 
fied for study, and a decision made 
as to the tolerable blurring caused 
by motion of the object, the needed 
exposure duration is independent 
of the image dimensions. 


Stroboscopic Photography 


Concerned chiefly with high-speed 
stills, stroboscopic photography is 
useful in the study of repetitive 
phenomena, provided they are re- 
producible with sufficient accuracy 
from cycle to cycle. The successive 
high-speed stills are, of course, ex- 
posed at progressively later inter- 
vals in successive cycles of the 
phenomenon. It is even possible to 
skip one or more cycles between 
successive frames, provided only 
that each exposure is made at a 
later interval in a given cycle than 
was the preceding exposure in an 
earlier cycle. Such stroboscopic 
photography facilitates the use of 
repetition rates many orders lower 
than would be required if all ex- 
posures were to be made during a 
single cycle of the repetitive phe- 
nomenon. In this manner, the com- 
plexity and cost of the equipment 
can be greatly reduced, without 
changing the exposure duration. 


Photographic Quality 


Uniformity of exposure densities 
for different parts of the photo- 
graphic image and the resolution 
for stationary objects, are depend- 
ent upon the choice of the optical 
system and the quality of its manu- 
facture. Tonal values depend upon 
the freedom of the optical system 
from aberrations, and the care 
taken in processing the film. In 
general, the higher the repetition 
rate, the more difficult is the pro- 
duction of images of good quality. 
The final result represents compro- 
mises that affect image quality. 
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SAMPLE CALCULATIONS 


A problem well suited to the applica- 
tion of high-speed photography is the 
determination of velocities and acceler- 
ations of type bars in a typewriter. Tak- 
ing the approximate dimension of such 
a bar in the direction of motion as \ 
in. and the maximum velocity as 200 
in. per sec, it is desired to determine 
bar speeds at maximum intervals of 
0.5 in. to an accuracy of one percent. 

A value for w/d of 0.1 results when 
w is 0.025 in. The requirement of speed 
determination within one percent, how- 
ever, calls for w equal to 0.01 in. This 
value of w allows for half of the per- 
missible one-percent error at each end 
of the assumed 0.5 in. travel, and results 
in a blurring of four times the permis- 
sible érror. Using the smaller value of 
w in Eq (1), the exposure duration be- 
comes 


0.01 E 
200 
For the 16-mm Kodak high-speed 
camera, the ratio of exposure duration 
to the reciprocal of the repetition rate 
is approximately ¢ equal to 0.2. Apply- 
ing Eq (2), the repetition rate is 
R = 0.2/(5 X 10> 
- 4,000 frames per s« 


< 10 


As the camera is designed for operation 
at 3,000 frames per sec, the one-percent 
accuracy in determining bar speed can 
almost, but not quite, be achieved. 

The repetition rate of 4,000 frames 
per see will produce a frame for every 
0.05-in. movement of the type bar as 
it moves at 200 in. per sec. Here is a 
case in which the requirement of short 
exposure time dictates a repetition rate 
10 times as great as would otherwise 
be required. , 

In this example, the extreme accu- 
racy within which measurements can 
be made on the photographic film, be- 
cause of film grain and optical imper- 
fections, is approximately 0.001 in. 
Again allowing half of the one-percent 
permissible error at each end of the 
specified 0.5 in. travel of the type bar, 
this limitation requires that the travel 
cover not less than 0.001 * 2 x 1/0.01 — 
0.2 in. on the film. The width of the 
16 mm frame being 0.410 in., only a 
little more than an inch of travel of 
the type bar can be covered on the 
frame if the specified accuracy of speed 
determination is to be achieved from 
measurements of the photographs. 

The relation of subject dimensions to 
image dimensions is governed by the 
equation: 

W/w; = ?/4 

where i, is any given dimension in the 
subject, w, is the corresponding dimen- 
sion in the image, p is the subject-to- 
lens distance, and q is the image-to- 
lens distance. Jf a subject-to-lens 
distance of 18 in. is assumed, the image- 
to-lens distance for the typewriter bar 
would be 


E 45 


q= 18 X 0.2/0.5 = 7.2 in 


The focal length f of the lens would 
then need to be 












































































Event Synchronization 


The shorter the observable dura- 
tion of an event, and the briefer 
the total operating time of photo- 
graphic equipment, the more diffi- 
cult is the synchronization of the 
camera with the event. All photo- 
graphic equipment must incor- 
porate means either to start 
photographing after sensing the 
inception of the event, or to initiate 
the event when the desired opera- 
tional speed of the equipment has 
been reached. 


Establishment of Time Scale 


Whether a study is quantitative 
or qualitative, a time scale is usu- 
ally included in the photographic 
procedure. For the lower range of 
repetition rates, a light source con- 
trolled electronically or electrically 
records traces at known intervals 
on the edge of the film. This is 
necessary because cameras operat- 
ing at these lower rates do not 
always run at constant speed 
throughout the exposure of the 
entire record. Such a time scale 
can be established with great accu- 
racy, yet in a relatively simple 
manner. Table III lists types of 
time record that indicate either 
time interval between frames or 
frame frequency. It, is often im- 
portant to record elapsed time from 
a “zero” or to present the interval 
record as elapsed time. 

At high repetition rates, the 
time scale is often established by 
noting the speed of a film drum or 
rotating optical element, such as a 
mirror, rather than by recording 
timing marks on the film. The time 
scale is not usually needed on 
photographs taken with high-rate 
equipment, because the cameras 
operate at constant speed through- 
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T Zero t. Time traces recorded 
ne b' 5 on edge of film. Dis- 
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standard. 






Calibrated disk or 
scale in field of view. 
3 This device is normal- 
d “e f| ly placed close to the 
plane of the subject. 











| Separate optical sys- 
tem that projects 
image of clock dial 
on film. 














frames. 


out the exposure of all 
Accuracies to 0.1 percent are gen- 
eral practice, and systems operated 
entirely by electronic means achieve 
still greater accuracies. 


Photosensitive Materials 


Photosensitive materials behave 
differently with short exposure dur- 
ations than with ordinary exposure 
durations. The choice of a film for 
a high-speed photographic applica- 
tion depends upon its spectral char- 
acteristics and the spectral output 


High-Speed Cameras 


Of the many types known, the 
Eastman Kodak High-Speed Cam- 
era (Fig. 5), the Wollensak Optical 
Company's camera, the 
Comnany’s Model 
Warrick Model F 
moving film cameras 
multiple-flash light 


Fastax 
tadio 
651-AG and the 
continuously 


General 


used with 
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sources), are the most readily avail- 
able commercially in this country. 
These cameras cover the speed 
range up to about 15,000 frames per 
second. Some of the larger indus- 
trial research laboratories, such as 
Battelle Memorial Institute, have 
cameras that can be operated at 


SEPARATE RECORD (not on film) 
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| TABLE Il| — Typical Timing Systems 


With drum and rotating-mirror 
cameras, various types of ta. 
chometers are generally used. 
This method of timing is best 
suited for applications involving 
relatively rapid events, 






Mechanical or elec 
tro-mechanical coun 
ter or vernier device 
imaged on film. 





Special cathode-ray 
tube system present- 
ing time in form of 
arabic numerals. 








B 
Binary or digital time 
code recorded in cor- 
ner of film, 





of the light source under the short- 
duration conditions, the intensit: 
of the source, the relative aperture 
of the optical system of the camera, 
the resolution of the film, the reso- 
lution of the optical system, and 
many other factors. With the lower 
repetition rates, for which adequate 
light sources are available, a choice 
can be made from a number oí 
films; for high repetition rates, 
the choice of film must often be 
made on the basis of its photo- 
graphic speed alone. 


rates up to about 100,000 frames 
per second. 


Principle of Operation 


To accommodate the diverse needs 
of the engineering and research 
problems to which high-speed pho- 
tography has been applied, many 
varieties of high-speed cameras 
have been developed. The process 
of invention and reinvention is con- 
tinuing at an accelerated pace, and 
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not unusual for the same type 
amera to be invented three to 
r times within a ten-year period. 
However, this great diversity of 
era types is more or less justi- 
because many problems require 
mera that it tailor-made for the 
A systematic classification of 
wn camera principles is there- 
e essential to engineers who deal 
th photographic problems. The 
tefold at the end of this article 
ows this classification. 
High-speed motion pictures are 
simply a series of high-speed stills 
exposed in rapid succession. Some 
ff the photographic methods are 
capable of exposing only a very few 
frames in a series. Whether the re- 
sults in such cases sholild be re- 
carded as high-speed stills or as 
high-speed motion pictures is open 
to discussion. Thus, the applicabil- 
tv of the terms high-speed stills 
and high-speed motion pictures 
shades off gradually from one to the 
other 
The average amateur photogra- 
pher would be sufficiently resource- 
ful to find a solution if he wished 
to take two photographs of the same 
subject five seconds apart. He would 
focus two cameras on the subject, 
set up lights, and make other neces- 
sary preparations. With stopwatch 
in hand, he would then trip the 
shutter of one camera, and five sec- 
onds later, trip the shutter of the 
other camera. 
If the amateur wished to expose 
the two photographs in much more 


Fig. 5 Commercially high speed cameras cover range fror 
about 3,000 frames per sec for Eastman’s Type III (below) 
to 15,000 frames per sec for Wollensak’s Fastax (right). 
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rapid succession, or with more ac- 
curate timing, he might set up a 
simple mechanical device to trip the 
Shutters more rapidly or with more 
exact timing than possible by hand. 
If he needed to expose three or more 
pictures in succession, instead of 
two, he might set up three or more 
cameras. 

Basically, all techniques of expos- 
ing high-speed motion pictures in- 
volve this simple, logical procedure. 
All methods use multiple optical 
systems. Either an optical system 
is provided for each frame to be ex- 
posed, or a limited number of opti- 
cal systems operate in rotation, the 
first being ready to operate again 
by the time the last has been used. 
The multiple optical systems usually 
contain some components in com- 
mon. Occasionally, just as in the 
experiment by the hypothetical 
amateur, the photographic subject 
is the only common component. The 
frames on the photosensitive film 
constitute the only multiple com- 
ponent in multiple-flash motion pic- 
tures, but probably not in any other 
type of motion-picture photography 
above intermittent speeds. 

Some device for switching from 
one optical system to the next is 
always used. This device often con- 
sists of relative motion between a 
common optical component and a 
multiple component. Likewise, all 
methods have a means of limiting 
the exposure duration for each opti- 
cal system. The exposure duration 
can be limited by one of three meth- 
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ods: (1) Limiting the period for 
operation of the light source; (2) 
Moving the light beam out of co- 
incidence with a component of the 
optical system, or moving the com- 
ponent out of coincidence with the 
light beam; (3) Interrupting էհ 
light beam with some type of shut- 
ter at a point between the light 
source and the photosensitive film 
Some optical parts may move dur- 
ing operation, or all parts may be 
stationary. If any parts move, con 
sequent blurring of the photogra- 
phic image on the film is held within 
tolerable limits by one of the follow- 
ing methods: 
(1) The movements of two or 
more optical components, one of 
which may be the photosensitive 
film, are so related as to compen- 
sate each other. The photogra- 
phic image consequently has little 
or no motion relative to the pho- 
tosensitive film during exposure 
This method is known as “optical 
compensation.” 
(2) The exposure duration is 
made several orders 'ower than 
the interval between frames 
Photographs taken by this meth- 
od are known as *'miltiple-flash 
motion pictures.” 
(3) A unit-dimensional photo- 
graphic subject is used, with a 
uni-dimensional image, so that 
any finite movement of the image 
relative to the film automatically 
constitutes a new frame. Photo- 
rraphs taken by this method are 
referred to as "streak pictures." 




























































































































































































































TYPE OF CAMERA 


Standard intermittent. 


High-speed intermittent... . 


Electronic shutter 


Image dissection focal-plane scanning... 


Variations in Camera Design 
Several basic types of optically 
compensated cameras exist and they 


have been used separately or in 
combination. In addition to this 
classification of cameras on the 


basis of the optical systems used, 
there is also a grouping according 
to the type of film motion involved. 
Typical repetition rates, exposure 
durations, and total durations of 
events covered by each type camera 
are shown in Table IV above. 

In the intermittent camera, the 
film frame is brought to rest during 
exposure, and the next frame ad- 
vanced to the same position during 
the interval in which the camera 
shutter is closed between exposure 
of successive frames. The limita- 
tions of this type camera evolve 
from the strength of the film and 
the dynamics of a mechanical sys- 
tem involving high reciprocating 
speeds. The practical speed limit in 
the present state of development is 
about 275 frames per second, al- 
though somewhat higher-speed in- 
termittent cameras have been de- 
signed. Optimum picture quality 
and accurate registration of frames 
are achieved within this speed 
range. 

A camera involving continuously 
moving film has a supply reel and a 
take-up reel, just as does the inter- 
mittent type. Reel are 
usually 100 ft, although some cam- 
eras do hold up to 1,000 feet. Film 
runs through the exposure gate at 
a constant or gradually accelerating 
speed throughout the exposure of a 
series. Either each successive image 


capacities 
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is moved with the film at constant 
speed by one of several mechanisms 
of optical compensation, or some 
type of shutter mechanism for con- 
trol of the light source provides an 
exposure duration several orders 
than the interval between 
successive frames. For such control 
of the light source, electric sparks 
or gas-filled electric flash tubes can 
be used. Also practical for this 
purpose are the Kerr cell, the mag- 
neto-optic shutter and the electro- 
optic shutter, all of which involve 
the use of polarized light and the 
effect of transient electrostatic or 
magnetic fields on the birefringence 
(double refraction) of transparent 
liquids or solids. 

The camera with continuously 
moving film extends into the next 
higher range of repetition rates 
than those achieved by the inter- 
mittent camera. The resolution is 
not as good as that of the intermit- 
tent and varies with the type of 
optical compensator. To a great 
extent, the resolution depends upon 
the degree of compromise the de- 
signer has accepted in attaining 
high repetition rates and simplicity 
of construction. The Eastman Ko- 
dak camera of this type is available 
for 16-mm film, and the Wollensak 
Fastax for 8-mm, 16-mm and 35-mm 
films. These cameras hold 100-ft 
lengths of film. Top speeds with 
8-mm film are 12,000 to 15,000 
frames per second. The General 
Radio and Warrick cameras permit 
maximum repetition rates of 1,500 
and 2,000 frames per second and 
use the multiple-flash technique for 
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repetition | rames pef sec. , 4 ered 
rate | f : T ր 
Max, | Min sec. 
Zero to 24 | 20,000 1,000 800 
Normal | 
24 to 275 1,800 36 | 75 
| | | ' 
High-speed 275 to 1.2 x 10* | 80 16 107! 
ree o RR 22 A - 
| | 
Very high 1.2x10*to5x10* | 2 0.25 | 4x10“ 
] | 
5 x 10* to 10* 1 0.10 2.4 x 10^* 
Ultra 
high- 10* to 107 | 1 0.001 107 
speed | 
107 to 10° | 0.001 
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image formation. Film capacity for 
the GR unit is 100 ft; for the War- 
rick, 1,000 feet. 

For repetition rates in the range 
just above those attained with con- 
tinuously moving film, drum cam- 
eras are used. Film is removed from 
the supply reel at the time of load- 
ing the camera and positioned on 
the inside or outside of a cylindrical 
drum, a spherical surface or some 
such geometrical area. During op- 
eration, either the drum rotates at 
high speed, or the drum and film 
remain stationary and optical means 
are provided to project stationary 
images onto different parts of the 
film in rapid succession. The neces- 
sity for advance loading of the film 
in position for exposing frames 
limits the length of series to a 
maximum of about a thousand 
frames. 

The design of a drum camera is 
a complex engineering problem, be- 
cause centrifugal stress, balance, 
windage and many other elements 
have to be controlled. Some of these 
cameras have high-speed rotating 
parts nearly six feet in diameter 
and weigh more than four tons. In 
the NACA-Miller II cameras, the 
film is stationary and a mirror 
wheel weighing two-thirds of 
pound, with electromagnetic sus- 
pension and drive in a vacuum is 
driven at rates in excess of 2,500 
revolutions per second. Repetitio: 
rates greater than 500,000 fram: 
per second have been attained wi! 
this design. 

Spark cameras and electron 
shutter techniques reach into t! 
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i ranges just above those at- 
able with drum cameras. These 
ingements involve the plan fol- 
ed by the hypothetical amateur 
itioned above, of setting up a 
iplete camera or optical system 
each frame to be exposed. The 
st of these arrangements is the 

ilitiple-spark system of Cranz 
ind Schardin shown in the chart at 
the end of this article. More re- 
ently, the magneto-optic (Fara- 
lay) and electro-optic (Kerr and 
Pockels) effects have been used as 
shutters to control the operation of 
the individual optical systems. Im- 
age converter tubes have most 
recently been used for repetition 
rates of 10° frames per second and 
exposure durations as short as 
10° second. These electronic tech- 
niques are complex and sometimes 
expensive, and the length of series 
is limited to a very few frames. 

Image dissection and focal-plane 
scanning are closely related tech- 
niques, in which the field of view is 
subdivided into a number of par- 
allel uni-dimensional images, com- 
prising a television-type image. In 
one form, developed by Tuttle, an 
opaque screen ruled with fine trans- 
parent lines is placed almost in 


contact with the photographic emul- 
sion. As the grid is moved in a 
direction perpendicular to the rul- 
ings, a streak photograph is pro- 
duced through each ruling. The 
total time is limited to the interval 
during which one ruling moves to 
the position originally held by the 
next adjacent ruling. If the operat- 
ing time is extended beyond this 
interval, double or triple exposures 
wil occur, which, for some pur- 
poses, are useful. When the com- 
posite streak pictures are developed, 
and viewed through the same grid 
that was used in their exposure, a 
television-type frame is seen. 

Sultanoff has placed the ruled 
screen at the focal plane of a pri- 
mary image and has refocused 
across a rotating mirror onto a sta- 
tionary photographic plate. Greater 
effective translation velocities of 
the focal-plane grid are thereby 
achieved. This camera has produced 
10* frames per sec in a relatively 
long series. 

In a system developed by O'Brien 
and Milne, the uni-dimensional 
images are laid out end to end on 
the film by a complex system of 
lenses and mirrors. Film is moved 
in a direction perpendicular to the 


one dimension of the images by a 
high-speed drum. This arrangement 
produces a long streak picture for 
each image, which must be reas 
sembled for viewing. 

The first camera of this typ: 
volved eight lines. Without chan 
in the width of the film, increasi: 
the number of lines to sixteen 
quires halving of the length of « 
line. With the small number 
lines, resolution is good in the di 
rection of the lines, but is bad 
the perpendicular direction. As the 
number of lines is increased, the 
resolution becomes better in the 
perpendicular direction, but worse 
in the direction of the lines, because 
of the necessary reduction of the 
line length and the consequent in- 
creasing effect of film grain and 
optical imperfection. 
tion in both directions is thus 
enmeshed in a three-way contradi 
tion with reasonable film width 
satisfactory compromise amo 
these three contradictory object 
been attained. However, 
this type camera has produced 
ultrahigh repetition rates of 2.2 x 
10° frames per second, in a 
ably long series, and thus 
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used for special purposes 


Typical High-Speed Photographic Studies 


Time Scale, microseconds 


KNOCK IN PISTON ENGINE 


The needs of this NACA study 
on fuel knock prompted the inven- 
tion and development of two new 
types of high-speed camera. Re- 
ferred to as the NACA-Miller I 
and II cameras, the first uses re- 
focusing with translational move- 
ment of 90-deg reflector pairs in 
the focal plane of the primary 
image, while the second utilizes 
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Fig. 6. Selected frames taken at 40,000 per sec of combustion and knock in a 


refocused revolving beams with a 
rotating mirror at the focal plane 
of the primary image. 

Fuel knock imposes a severe 
limitation upon the performance of 
a spark-ignited piston engine, or 
ipon the qualy of the fuel used. 
In an attempt to learn the true 


spark-ignited piston engine. Flame travels downward two-thirds of the way 
across the field of view in 4,000 microseconds. During the next 1,675 microsec, 
the “end-gas,” not yet reached by the flame, undergoes the early stages of 
autoignition. Knock develops in the interval between 5,675 and 5,725 on the 
microsecond time scale. A black cloud of carbon smoke appears in the lower 
part of each frame at about 7,750 microsec and persists to the end of the series. 
Analysis of the photographs indicates that a 6,500 ft/sec detonation wave 
developed after about 5,725 microseconds. 
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nature of knock, rates of motion 
were not of primary interest. 

As in most cases where the test 
objective is to "see what happens," 
actual motion pictures were desired 
for observation on the screen, 
rather than a rapid sequence of 
high-speed stills from which meas- 
urements could be made. All that 
was known about the speed of knock 
propogation was that photographs 
previously taken with cameras com- 
mercially available were too slow. 
Repetition rates were therefore in- 
creased stepwise until the nature 
of knock was revealed. 


ATOMIZATION FOR SPRAY DRYING 


Spray drying of solutions or sus- 
pensions of solid material in liquids 
has been the subject of study at 
the University of Wisconsin. Fine 
atomization is produced by flinging 
liquid as small-diameter droplets 
from high-speed rotating disks, 
Fig. 7. Very short exposure dura- 
tions were essential. 

Ordinarily, the performance of 
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An application of non-image- 
forming photography at the Johns- 
Manville Research Center involves 
recording the entire history of vi- 
bration in a double structural panel 
upon impact loading. Fig. 8. shows 


schematically the photographic 
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Fig. 7. Two-microsecond exposures showing atomization of water containing 


nigrosine dye. 


(A) shows atomization with a 7-in disk (18 curved vanes) 


rotating at 470 rpm, while (B) pictures a 33/4-in. disk (24 vanes) running at 


7,600 rev per minute. 


various disks turning at different 
speeds, and with diverse rates and 
methods of introducing the liquid 
to the surfaces, could be observed 
only on the basis of the end result. 
With high-speed photography, the 
trend toward better or worse atomi- 
zation resulting from a change of 
any variable could be observed di- 
rectly and accurately. 


Impoct 
force 


Z 


setup for recording vibrations and 
a composite graph of the two dis- 
placement-time curves. 

An impact force is applied to sur- 
A, which is connected to sur- 
face B by studding. Opaque screens 
C and D, attached to surfaces A 
and B, transmit light to an objec- 
tive lens through single pinholes; 


face 


UNIVERSITY OF WISCON 
| CAMERA: Speed Graphic 
| LIGHT SOURCE: General Electric 
xenon-filled flash tube 
REPETITION RATE: High-speed stills 
| EXPOSURE DURATION : 
seconds 
EVENT SYNCHRONIZATION : By hand 
(not critical) 


EMULSION : 
Super XX 


Two micro- 


Superpan press and 


Fig. 8. Vibration in a structural panel 
under impact loading. In this applica- 
tion of non-image-forming photogra- 
phy, the vibrational movements of 
panel surfaces A and B are recorded 
as the graphs C and D (below). The 
two pinholes in screen G provide space 
reference and appear as the two lines 
F and F’. The time scale is recorded 
as the dots E. 
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and stationary screen F, transmits 
light through two pinholes located 
exactly one inch apart. Argon light, 
E, supplies 120 timing flashes per 
sec, which appear on the film as it 
moves through the focal plane in 
a direction perpendicular to the 
displacement of the panel surfaces. 

This photographic method is a 
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itively simple means for obtain- 

information in the study of 
xk and vibration phenomena. 
alysis of the film (insert Fig. 
reveals quantitative data such 
amplitude and frequency of 
brations. See Product Engineer- 
g, July, 1949, for an analysis of 
ock in military vehicles. 


FLUID FLOW THROUGH 
CENTRIFUGAL IMPELLER 


Photographic records of tracer 
particles, Fig. 9, injected into the 
fluid entering transparent lucite 
impellers have furnished data for 
determining the velocity, flow path, 
and turbulence of the fluid, and for 
checking performance with design 
theory. Engineers at California 
Institute of Technology find such 
photographic data also gives an 


WAVE HEIGHT DETERMINATION 
IN TOWING BASIN 


Although many of the character- 
isties of ship model performance, 


such as the forces, moments and 
accelerations 


related to wave 


indication of the accuracy and limi- 
tations of other instruments. 

An Eastman high-speed camera 
was used in this study, which in- 
corporates a rotating prism to 
compensate for the translational 
movement of the film through the 
exposure gate. Additional optical 
compensation was used to handle 
rotation of the image on the film 
caused by the impeller rotation. 

Any optical device rotating as a 
unit with angular velocity « will 
impart an apparent angular velo- 
city of 2m to a stationary subject, 
provided the following conditions 
are satisfied: (1) The axis of the 
light beam leaving the rotating 
optical unit is identical with the 
rotational axis of the unit, and is 
an extension of the axis of the beam 
entering the unit from the station- 
ary subject; and (2) the light beam 
undergoes an odd number of re- 
flections from plane reflecting sur- 
faces within the optical unit. 


If such an optical unit is rotated 
at half the angular velocity of a 
subject rotating about the same 
axis, and in the same rotational 
sense, the rotating subject will 
appear to be stationary as viewed 
through the unit. 

The optical element used for the 


11 


rotational compensation is the well- 
known “dove” prism, Fig. 10. This 


prism has the disadvantage that 
nonparallel rays of light do t 
follow paths of equal length through 
the prism. Under the conditions of 
this study, the consequent aberra- 
tions in the image were slight. 

A somewhat similar device has 
been used in a special optical printer 
in the laboratories of the National 
Advisory Committee for Aeronau- 
tics, but utilizing three front-sur- 
face mirrors and providing an 
optical path entirely free of glass. 
Such an arrangement avoids aber- 
rations caused by unequal lengths 
of paths of nonparallel rays. 


Fig. 9. The study of cavitation bubbles in fluid passing 
through a high-speed impeller required a repetition rate of 
about 1,000 frames per second. Frame shown was taken 
with an Eastman high-speed camera through “dove” prism 
(Fig 10, below) and rotated at half impeller speed. Only 
motions of the bubbles relative to the impeller are seen 


when the photographs are projected as a motion picture. 
CALIFORNIA INSTITUTE OF TECHNOLOGY (KNAPP & PETERSON 


Axis of light beam 


entering prism ond axis 


of rotation of prism 


Internally re 


heights and periods are recorded 
by galvanometric methods, valuable 
correlated information is obtainable 
from high-speed still photographs. 
Photographic records are produced 
by flashing two gaseous discharge 
tubes with the fixed camera’s shut- 
ter open. The model is towed 
through a water channel by an 


f prit sht DOOM 


overhead monorail carriage, Fig. 
11, and a photoelectric cell used to 
trigger the camera and flash tubes 
when the carriage reaches a pre- 
determined position. A mirror on 
the carriage provides the light im- 
pulse to energize the cell which, in 
turn, trips the camera shutter (set 
to 1/200 sec) and the flash-tubes. 


Fig. 11. High-speed still photogra- 
phy permits direct measurement of 
wave height and length at a given 
instant in an experimental towing 
tank. The waves shown are gener- 
ated at the right and move to the 
left at about two fps. The carriage 
moves toward the right at speed of 
15 ft per second. 


STEVENS INSTITUTE OF TECHNOLOGY 
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Triggering of the 0.0005-sec flash 
units is recorded on the galvano- 
metric record which provides time 
correlation with the rest of the 
data. A grid on the rear tank wall 


IMPACT FRACTURE OF STEEL 


To determine the manner in 
which steel fractures on impact, 
standard V-notch Charpy test speci- 
mens heat-treated and cold-worked 
to various degrees were broken at 
room temperature using a conven- 
tional testing machine with a spe- 
cial striking edge. The 16-mm 
Fastax high-speed camera was used 
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Cold worked Brittle 
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Fig. 12. Charpy impact fracture test of steel in “tough” condition (top) and “brittle’ 
“Brittle” crack occurs between second and third frames. 


on film. 


CORRELATING MECHANICAL 
* AND ELECTRICAL DATA 


A problem sometimes encoun- 
tered is correlation of mechanical 
movement with electrical character- 
istics. To simplify this problem, 
both the Eastman and Fastax high- 
speed cameras have been modified to 
record an oscilloscope trace simul- 
taneously with the picture record. 
A second lens is set at 90 deg to 
the picture-taking lens so that the 
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serves as a space reference for 
measurement of wave height and 
period. (Such grids often are used 
for reference in problems involving 
varying motion when velocities or 


at various frame frequencies with 
a 4-in. lens set at f/4 and a 1-in. 
extension tube. Illumination was 
furnished by two 750R tungsten 
incandescent lamps. Event syn- 
chronization was manual. 

Fig. 12 (top) shows the genera- 
tion of the impact fracture con- 
sidered normal for a tough grade 
of steel. This sequence was taken 
at 5,180 frames per sec and a frame 
duration of 48 microsec. The same 


84 ft-Ib 


2 ft-Ib 


oscilloscope trace appears on the 
film record. 

Film footage taken with the East- 
man camera, Fig. 13, at 3,000 
frames per sec or 900 in. per sec 
shows the oscilloscope trace of the 
electrical characteristics for relay 
contacts superimposed on the visual 
record of the phenomenon. 

The original relay selected for an 
electronic control had been rejected 
because of contact bounce which 
was sufficiently pronoünced to cause 
recycling of the device. An im- 
proved relay was tested and ap- 
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accelerations of masses must 
determined. In some cases timi g 
marks can be exposed on the í 
So that calculations can be m: 


directly.) 


steel cold-worked exhibits a brit 
fracture as shown in bottom vi: 
These exposures were taken 
4,580 frames per sec at a fran« 
duration of 54 microsec. It is 
noteworthy that the “brittle” crack 
is generated between the second 
and third frames, during a time 
interval of only 218 microsec 
Higher frame frequencies are re- 
quired if accurate data on speed 
of crack propagation are desired. 


5180 Pictures per second 


4580 Pictures per second 
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condition (bottom) is recorded 
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peared to operate correctly as 
indicated in a conventional oscillo- 
scope record taken at 6 in. per sec. 
However, since recycling was still 
occurring, the performance of the 
improved relay was checked wit! 
the Eastman camera to record both 
visual images and the oscilloscop: 
trace. This record, Fig. 13 (A), 
shows repeated contact bounce, 
which was not evident in the con 
ventional 6-in-per-sec oscilloscop¢ 
record, Fig. 13 (B). Thus, time 
magnification is used to resolve this 
undesirable performance. 
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PROJECTILE PERFORMANCE 
AT GUN MUZZLE 


ertain phenomena associated 
th ballistics are self-luminous 
and tend to obscure the projectile 
der study. A projectile emerging 
om a gun muzzle is surrounded 
highly luminous gases which 
mpletely obscure it. These self- 

;minous effects are recorded on a 

hotographic plate regardless of 
the shortness of the duration of the 
gaseous discharge or spark flash 
isually used to photograph such 
phenomena. 

Studies made at the Canadian 
Armament Research and Develop- 
ment Establishment utilized an 
electronic shutter, or Kerr cell, 
operating in synchronization with 
a gaseous discharge tube flash 
source. A Kerr cell consists of a 
glass cell filled with nitrobenzene 
and carrying two or more elec- 
trodes. A polarizer and analyzer (a 
second polarizer set with its plane 
of polarization at 90 deg to that 
of the first polarizer) are placed 
on either side of the glass cell. 

This system passes almost no 
light until electrical energization 
causes the nitrobenzene to rotate 
the polarization plane of the light 
so that it passes through the analy- 
zer, thereby “opening” the cell 
shutter. Upon de-energization, cell 


Jt 


Fig. 13. Combined high-speed photography and oscillography of relay contact 


bounce. 


Superimposed oscilloscope trace (A) taken at 3,000 frames per second 


(900 in. per sec) shows intermittent bounce, while conventional oscilloscope 
record (B) taken at 6 in. per sec does not reveal the bounce. 


shutter is “closed”, The duration 
of the “opening” is electronically 
controlled and can be as short as 
0.04 x 10° sec. Notable disadvan- 
tages of the Kerr cell are small 
angular opening and large light 
loss. 

In the Canadian Armament Re- 
search setup, the manual camera 
shutter is opened and the discharge 
tube triggered. At peak flash in- 
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tensity, the Kerr cell is energized 
at 36 kv for a period of about two 
microsec, thereby passing light to 
the film. The Kerr cell shutter is 
then de-energized and the manual 
camera shutter closed to exclude 
any light still transmitted through 
the cell’s polarizers. Thus the ex- 
posure is made essentially with the 
flash illumination and the ambient 
light (self-luminous phenomena 


Fig. 14. Kerr cell photograph (left) shows a 20-mm projectile emerging from gun muzzle. The Kerr cell and flash 
are initiated by contact of the projectile with the wire strung about 0.5 in. outboard of the muzzle. (Right) is a study 


of the gas cloud surrounding the projectile. 
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excluded by the Kerr cell. In this 
instance, event synchronization is 
of particular importance. 

Figs. 14 (A) and (B) show Kerr 
cell high-speed photographs taken 
as a 20-mm projectile is fired. The 
projectile is clearly visible and the 
gas cloud pattern defined. Without 
the use of the special photographic 
technique, both projectile and cloud 
would be obscured by the latter’s 
ambient illumination. 


TECHNIQUES FOR TESTING 


ARTICULATED MEMBERS 





In evaluating artificial limbs, the 
forces the foot exerts on the ground 
during level walking are measured, 
the instantaneous horizontal veloc- 
ity of the subject's center of 
gravity is determined and a photo- 
graphic record is made of the sub- 
ject's gait. 

To measure the forces the foot 
exerts on the ground, a pair of 
force plates recessed in a walkway 
are supported at their corners by 
aluminum columns. Fifty resist- 
ance strain gages placed on the 
columns are connected to six Wheat- 
stone bridges that measure: ver- 
tical load, the X and Y position of 
the load, the turning couple about 
the center of the plate, and the 
shear forces in the ground plane 
in line with and at right angles to 
the direction of travel. These data 
are recorded on an oscillograph. 

The equipment used to measure 
velocity of the 
subject's center of gravitv consists 


the instantaneous 


of a loop of cord attached to a belt 
worn by the subject at his center 
of gravity. The moving cord drives 
a d-c generator, the output of which 
is amplified and recorded on one 
of the oscillograph channels. The 
amplitude of this signal is propor- 
tional to velocity. 

To obtain a photographic record 
of a subject's visible gait character- 
istics, an interrupted-light camera 
is used. The 


subject’s legs are 
marked with highly reflective 
"Scotch-lite" tape which directs 


light into the camera, and the sub- 
ject is illuminated by a continuous 
light source which is interrupted 
periodically by a rotating, slotted 
disk shutter placed in front of the 
lens. Thus "stick" images are pro- 
duced, Fig. 15, by the single plate 
multiple-exposure technique, which 
traces out graphs of the phenom- 
enon upon connecting up the related 
"oints. The time interval between 
"stick" pietures is 0.05 sec because 


Fig. 15. “Stick” figures show successive positions of artificial leg as subject walks. An interrupted-light camera with 
rotating disk shutter and gaseous discharge tube trigger supplies data regarding velocities of joints and gait pattern 
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the slotted disk is rotating at 1,200 
rpm and the disk slot angle ís 
chosen to provide an exposure dura- 
tion of about 1/500 second. 

At the moment the subject 
reaches the center of his pass be- 
fore the camera, a photoelectric 
relay is tripped by his bədy and 
fires a gaseous discharge tube, 
which is synchronized with the 
interrupter disk position by an 
auxiliary photocell. This cell is 
energized by a small electric lamp 
each time the disk slot passes the 
shutter; and through the use of 
suitable amplifying and wave- 
shaping circuits, it generates tim- 
ing marks and trigger pulses. The 
timing marks indicating shutter 
opening are recorded on the oscil- 
lograph to permit correlation of 
the photographic “stick” pictures 
with the oscillograph traces of 
force information. 

Copyrighted 1952, 
Publishing Co. 
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| Solution of the Cubic Equation 
By a Simplified Procedure 





Time-saving and practical method for the solution of the cubic equation. Use of simplified 
method requires only a knowledge of elementary algebra and the ability to interpolate 
values from included tables. Procedure covers the determination of complex as well as real 
roots. Application of procedure is demonstrated by solutions of three typical equations. 


Basis of the method is summarized to enable reconstruction of the steps in the method. 
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throughout the company, it was dis- Case II: (+). When the sign ol 





Research Engineer covered that the same method had the result from Step 1 is positi 
Minneapolis-Honeywell Regulator Company been developed earlier and given a calculate the term v from 
limited distribution in a mimeographed 
Í MECHANICAL, electrical and electronic leaflet. This leaflet is entitled “Solu- al Ja | i 
| analogies for the solution of engineer- tion of Cubic and Quartic Equations;"  : ( 3 27 ) ( ) 


ing problems are — gaining favor its author is W. V. Lyon of the Elec- 
in the field of product design and de- — trical Engineering Department, Massa- 
velopment. The increasing use of  chusctts Institute of Technology. 

these methods, to derive the relation Except for differences in terminol- 
between variables in complex systems, ogy, the basic methods of the two 
reflects a general acceptance of the presentations are identical. The scope 
proposition that the analytical ap- and arrangement, however, of the data 
proach to a problem in applied science supplied for application of the meth- 
is often more productive, costs less, ods differ considerably. 

and is less time consuming than the 


STEP 3. For Case I: When the cal 
culated value of v from Eq (3A) is 
greater than 0.3849, obtain the values 
of s, and x, from the first portion of 
the accompanying Table II. When 1 
from Eq (3A) is equal to or less than 
0.3849, obtain values of z,, s», and 1 
from the second portion of Table II | 
Values of uw terms take a negative 


























| mk: ա զանա Method of Solution sign when the sign of v is negative. | 
science, fortunately, have no difficulty The solution involves four steps For Case Il. Using the calculated | 
with the mathematical reasoning re- after the cubic equation has been re- value of v from Eq (3B), calculate i 
quired to set up design or performance duced to the form | 
equations. Lack of skill, however, in Ex dlc 1 ' 
handling the complex computations PTE Tete eS ն “m= +A | 
often involved in solving such equa- Srep 1. Using the coefficients in Eq ee զ 
tions frequently discourages attempt- (1) evaluate the quantity "v 
ing the analytical approach. Also, if where j= yZ] iB | 
the engineer is not a mathematical b — (a*/3) (2) 
specialist, such problems are likely to tial " w /2 íi Xn y 


which is the slope of the cubic curve 


be time-consuming and irksome. i s : | 
at its point of inflection. 


[ Some of the most common of the 
com plex computations encountered are 
found in the solution of cubic equa- 

| tions. Methods such as Horner's, New- 
ton's, Graeffe's, and Sohon's have one 

denominator in common: They re- 

quire much practice for developing 

speed and accuracy in their use. 
To overcome this drawback, 


For Case Ill. Using the calculated 


STEP 2. The sign of the result ob- Value of v from Eq (3C), obtain th 


tained in Step 1 determines one of values of u, and #4 from Table II 
three procedures: Values of # terms take a negativ 
sign when the sign of v is negativ 
Case 1: (—). When the sign of the Srep 4. For Case 1: When the cal 
result from Step 1 is negative, calculate culated value of v from Eq (3A) 
the the value of a term designated as v greater than 0.3849, calculate the roots 














author has developed a simplified from X4, Xs, and X, of the cubic equatio: 
method of solving cubic equations. i 22 a? P լ (44/3 )/3 h 
Application of the method requires ° -( 3775 ^ )( Բ: ) Mm | 

little more background than high . վ 


school algebra. The response from 
several departments of the author’s 
mpany, where the method is used, f 
licates that it is a useful tool. — Y, [ ՞ «| V(a?/3 
On distribution of the method e — (2/27) — c (3B) 
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X, =] —— hn [Gy 
Case Il: (0). When the result from : | 2 «| ի 
Step I is zero, calculate the term 1 
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When the calculated value of 1 
from Eq (3A) is equal to or less than 
849. cal ulate the roots X1, X», and 























of the cubic equation from 
լ սւ Պ(ճ - (4/3) (5D) 
ue V(a?/3 a/3 (SI 
սլ Պ(42/3 b — (a/3 SI 
For Case Il. Using the values of ոլ, 
Mo, and uz as calculated from Eqs 


(4A), 












































(4B) and (4C) calculate the 
roots X,, X», and X, of the cubic 
equation from 

X í 1/3 6A) 
X: ս 1/3) 6B 
կ u 7 1 6C 

յ ( lll. Calculate the roots 

X, Xə, and X, of the cubi equation 
\ y 7A 
























































| \MPLE 1 Find the roots of the 
uation 
140 0 
OLI TION 

STE! Evaluate th quantity 
10 1333 
The negat sign of this quantity 
tif the cu equation as Case | 


















































































































































STEP Since v is greater than 0.3849, 
obtain values of s, and #4 from Table 
II for v equal to 0.564, then reverse 
signs of », and «լ because v is nega- 
tive 

w 1.2107 

Ազ — 0 3146 
STEP 4. Calculate the roots X,, X,, 
and X, from Eqs (5A), and (5B) 
and (5C). 

Xi = % y (a*/3) — b — (a/3) 











— 1.2107 X ((—5)1/3] — (- 22) - 
(— 5)/3 
= — 5.00 


















184 








tihes the cubic equation as ( 


Step 2 


p 2. Evaluate Eq (3C) 


ab 2a | i 
|j -( 3 27 )( | 
Վ (Ը- 5):/3| - (- 22) - (- 5)/3 
5.00 — j 1.732 [€ I). 2(-5 | 
3 27 
է DM | 
[7249 -ic ose |x = 0.73583 


y (C7 59/3] — (= 22) - (- 9/3 Step 3. 


= 5.00 + 71.732 


Obtain values of ոլ 
from Table III for » equal to 0 


Since complex roots occur in con- u = 0.5001 
jugate pairs, Xa could be written im- us = 1.1114 
mediately by reversing the sign of the 
‘term of Xe. Step 4. Calculate the roots X,, X, 


and X4 from Eqs (7A), (7B) 


EXAMPLE 2. Find the roots of the (7C). 


cubic equation 
յ 


Xi =u, WL a? 3) — ( 


- 0.5601 N14 — (— 51/3 
3 


tin) VI 41/3 
+71 ադ 


XY, = ( = 
414-7875) - (75/3 


( 0.5601 
—-]1-4-7j2.6456 


à 1 |- 34 


SOLUTION 


Szep 1. Evaluate the quantity 


(8/3 ա3 3)2/3] 3 ած 


Since the value of this quantity is 
zero, the cubic equation is identified 
as being in Case II 


Step 2. Evaluate 


(3/97 


: g 
| Y: m ju) Vb — (a?/3)- 
Evaluate Eqs (4A), (4B) and : 


1 


Stet 
(4C) 
560 
i * LT ian) 
ui Պ/ 0» Ս 5 - e 
ua u/2) (— 1 -; N3 A e / 
S y X14 — (—51/3) — (-5/3 
2/2) ( լ J N3 l 7Պ3 = 1 —j2.6456 
2 j v3 


N 


2) (—1 — j v3 1+ j v3 
Again, 44 could have been written 


tained immediately from Xo. 
immediately as the conjugate of 7». 


i é : Calculation of Precise Values 
Step 4. Calculate the roots X,, Xo, 


and X; of the cubic equation from Eqs 
(GA), (6B), and (6C). 


Since complex roots occur in cor 
jugate pairs, X3 could have been o 


The values of the # terms given ir 
Tables II and III were computed fron 


the following equations. These equa 


Xı = ui — (a/3) tions can be used to increase the 
= —2—(—3/3) = —1 ոնա gph dir ope 
; EN gree of precision of the methoc 
X;= tu — (a/3) « . p 
. JF s . . 5 Vond that attainable from usi 
վու Ե a 
xi us — (a/3) apie € : 
(1-7 N33) — (-3/3) 2 2 j N3 


' . P Case I: 
which is seen to be the conjugate of X. 


from 


EXAMPLE 3. Find the roots of the 


cubic equation 
x — 5x2 + 14x — 24 = 0 

SOLUTION: 

Step 1. Evaluate the quantity 
b — (21/3) e 1 — (—51/3) = 5.6667 1 
The plus sign of this quantity iden- 
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) 


For values of v greater thar 
0.3849, calculate values of #, and 4 








in cor 
been ol 


alues 


given ir 
ted fron 


se equa 

| the d 

thod 
use ol 


iter than 


| and 









r values of v equal to or less 


0.3849, calculate values of 
and #4 from 


Calculation of Approximate Values 


calculated value of 
om Eq (3A) or (3C) is too 
large to be found in Tables II and III, 
lose approximations for the value of 


When th« 


the 4 terms can calculated from: 
Case I: For values of v greater than 


approximate values of ~, and a, 


v/v 4- (1/3) (1/4 
y 


Case Ill; For values of v greater than 
230, approximate values of z, and v, 


alc, 










Ալ Հ 


u = 





When the calculated value of 1 


from Eq (3A) or (3C) is smaller 
than 0.100, approximations for value 
of the # terms can be calculated from: 


Case IIl: 


u = + (o— 2) 


PE. 
u = 2 4 -- Ju? 
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Basis of the Method 


For economy of space, the derivation 
of the method is not presented in this 
article. Interested readers, however, 
may reconstruct the steps in the 
method from the following summary 

1. With the cubic equation stated 
in the form of that of Eq (1), de- 
termine the coordinates of the point of 
inilcction 

2. Restate the 
terms oi 


cubic equation in 
new coordinates in referenc 
to new axes that intersect at the point 
of inflection of the cubic curve 

Three distinct cases arise. Each is 
identified by the sign of the slope ol 
the cubic curve at its point of infle 
tion. 

3. Case I. When the slope of the 
curve at the point of inflection is nega 
tive, an appropriate change of scal 
ts made such that the abscissas 4 and 
the ordinates v referred to the new 
axes have the relation 


w —u 


Case Il 


Curva 


When the slope of the 

at the point of inflection is 

zero, the abscissas # and the ordinates 

referred to the new axes have the 
relation 
u? 

Case Ill. When the slope of the 
curve at the point of inflection is posi- 
tive, an appropriate change of scale 
is made such that the abscissas w and 
the ordinates v when referred to the 





new axes have the following relation 


pau’ tu 


Since in all thr to every 
value of x there corresponds a val- 
ue of w, and to every value of y ther 
corresponds a value of v, the thre 
roots X,, Xs, and X, of the original 
equation correspond to the thr val 


+} 


ucs of w for the value of v that cor 


r sponds to ) cqual to zcro 


Hence, it Է is determined for 
ա. ther ither n "ran! 
equal tO 2 , then either on a ?grapn 
of th o d equation or in a 
table o alculated points of the tran 
formed equation, there can. be found 


three values of # for y equal to zero 
that yield the three roots X,, X» and 
X, of the original equation. Morcover 
the nature of 4 (whether real or com 
plex) is the same as that of X. Con 
sequently, if only real roots are desired, 
the complex values of »; may be dis 
carded 

The results of the foregoing pro 
cedure are given in Tables II and III 
Access to an IBM calculator enabled 
the author to extend his procedure to 
provide for the determination of com 
slex as well as real roots. With th 
calculator and using Eqs (8) and (9) 
the values in Tables II] and III were 
computed for values of v at intervals 
that provide maximum facility of in 
terpolation. The range of Tables TI 
and III is broad enough to cover all 
cases in which tables yield greater 
accuracy than can be attained by ap 
proximation methods 


Table I—Relation Between Cubic Equation and Transformed Equation 


Cubic equation has the form ax? + bx 4+ 0 
Transformed Sign of Slope 
Case Transformation Equation t Infle n ( € 


+ 
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Design Consultant 


From the customer's point of view, the most 
important parts of a control device are the 
external, visible elements. Regardless of 
what else he must understand about the 
machine, appliance or other product, he 
must be able to operate its controls correctly 
and with dispatch. Thus, simplicity can be 
just as important a design factor as function. 
This includes reducing the number of differ- 
ent elements that must be adjusted or inter- 
preted as well as reducing the possibility for 
destructive error. Several solutions to speci- 
ic control problems are shown to suggest 
how this simplification can be combined 
with improved overall appearance and 
one bold 


lower costs—often in 


stroke. 


COMPACTLY GANGED RHEOSTAT and potentiometer 
inits provide a means for adding the convenience of single 
knob control to multi-function elements. Units are available 
with integral on-off switches (A) or ganged combinations 
for single knob direction of several functional elements. 
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SINGLE ELEMENT CONTROLS are the simplest form 
of control devices. They provide only one function, service, 
or solution and can often be designed as fixed instruction 
plates. Camera (A) features a stationary etched and color 
filled exposure calculator that graphically illustrates dif- 





BY REDUCING the number of separate controls necessary, 
twin element types cut costs and promote sales. Thus, the 
TV industry is minimizing controls on receivers. A by- 
product is the concealment of secondary knobs at the 
rear of sets or under decorative escutcheons as above. 





Slip type ganging collars (B) facilitate individual phasing 


when greater flexibility is desired. Completely independent 


settings of several units can be accomplished with coaxia! 


shafts. These rheostats have been designed to be us: 
interchangeably in single or multiple types of installation 
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lechaonical stop 





Cufouts —— 





Finger ]/ 


grips 





(B) (C) 
t for , lE 
ervice ferent light conditions and supplies the correct lens open- orientation against the fixed central disk. Th 
uction ings for both color and black and white film. Design (B) rule scheme shown at (C) is another apj \ 
| color adds more light and diaphragm combinations and a_ of twin etched plate design, this introdu h ! aj 
s dif. separate moving member for easy rotary slide rule opera- priate cutouts, only one set Of exposure solutio 
The outer disk has raised finger grips to facilitate Selection is made by use of the finger 
3 Lithographed dial 
Controst colored poper է 
background for Silkscreened luminescent 
opening in morkings Fostening 
bezel 
Drown ond 
polished brass 
Felt gasket bezel 
for glass 
window 
alarm setting Pierced 
dial ^ skeleton 
Dished edge to_A numerals 
simulate moss 
'Ssary, 
s. the ALARM RADIO shows how elaborate and apparently plastic material, the dial has a narrow groove at 
A by- complex dial structures can be fabricated of numerous periphery into which an inexpensive printed paper strip 
t the simple stampings, each marked and colored by different inserted. This reduces tooling and procurement costs as well 


processes for maximum contrast. It also introduces an inex- 
pensive but attractive tuning dial. Molded of transparent 


AN INDEXING SCHEME should be used to lock the 
sclected control setting when vibration is a consideration or 
à positive guarantee against accidental misalignment is 
lesired. Illustrated is a twin element film advance knob 

at features a built-in, independently adjustable memory 
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as permits modifications and/or appearance variations to | 
made with comparative ease and negligible ex; 







Locating detents 
ee eee ee 





device. The setting is not affected by rotation of th 
winding knob. Conversely, readjustment of the memory 
element does not disturb the knob’s seiting. Also practica 
in many cases, is a reverse, push type release in coopera 
with a compression spring. (continued on n bage) 
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Simple Controls Have Sales Appeal (continued) 


GENERAL $5 ELECTRIC 


CAT &6 


o 
40 We. 


» 






Mechonisms Պե 

move as shown 
by arrows when 

"ՀՏ grid B is closed 





CAST, RAISED MARKINGS on this MECHANICAL INTERLOCKS improve operation of this exposure metei 

lustrial type speed control are hinged grid compensates for the difference between reflected and direct light 
sanded for maximum contrast. The push button (A) lowers grid (B) to expose photo cell (C) to full illuminat 
moveable pointer is cast and sanded. Spring loaded interlock (D) rotates scale (E) a set amount 





l'HESE TWIN ELEMENT CONTROLS have direct aids control knob position. The exposure meter uses sol 
(sce arrows) to improve legibility and accuracy. Con- color blocks in the same way. Also, excessive paralla 
trastingly colored lines on the radio panel connect each can be distracting and cause errors; pointers should ha 
of the four scales on the dial with the corresponding markings as close to the line-up edge as possible. 





ANOTHER FORM of twin element device is this combi- mechanism; a push-pull switch is coupled to the d 

nation interval timer and cycle control for automatic shaft, as shown, for starting and stopping the cycle o! 
washers. Varying degrees of automatism are accomplished operations. A push on the dial activates the control; the 
with a universal, single-knob control. A snap switch ener- inned shaft riding up an incline eventually returns the 
gizes the main operating circuit and an electric clock heats to the outer of position. A pilot light is also included 
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SINCE THESE SINGLE ELEMENT controls are intended 
sales features, they are accentuated to become the focal 
oints of the entire units. Establishing ideal speed settings 


for different mixing duties not only promotes efficient 


en Oven 
m ' pushbuffons 


Lighfed and colored 


E pushbuttons 


EQUALLY IMPORTANT as the functional simplicity of a control 
is its Optimum location. This is particularly true when a series of 
different elements are required to operate a unit such as this automatic 
electric range. Maximum efficiency is assured by grouping all controls. 


Ի... 


+ a թ. 


v 


ւ շե 


THE TREND toward single control centers is also apparent in auto- 
mobile dash designs. Several instruments are often housed together. 
Thus, attention is riveted to one unit and all pertinent instruments are 
read at a glance. Unitized centers are also easier to illuminate; diffused 
lighting can be provided by acrylic rods that pipe light 
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operation, 


the rotary dial is used, in ( B) 


also suggests reasons for buving a 
Note that the two manufacturers 
ferent units 


use fundamentally 
accomplish the same result. In 


a sliding knol 


HINTS FOR DESIGNING 
MULTIPLE CONTROL UNITS 


1. All controls should be positively iden 
tified and each related to its nameplate or 
marking. This is especially important when 
several similar push buttons or toggle levers 
are grouped closely together. Whenever pos 
sible, integrally marked push buttons should 
be used. Color coding the button or lever and 
its marking, or providing a decorative barrier 
or other distinctive area around each control 
and its plate are effective alternates. Colored 
pilot lights that indicate the on, off, or other 
condition of primary controls are also good 
sales features. 


2. When more than one rotary knob or 
reciprocating lever is used in the same control 
package, they should operate in the same 


direction—the proper direction indicated by 
an arrow or similar device. 


3. Avoid the need for more than one con- 
trol station. Separate locations are often re 
sponsible for memory lapses and confusion 
on the part of the operator. Also, for maxi- 
mum efficiency, group all controls in a con 
venient, completely visible location 


í. Select finishes, textures, and decoration 
processes that will stand up. This is particu 
larly important on industrial equipment. Inte- 
gral markings are better than separate dial 
plates that can get loose or rub off 


5. When designing for a tight price, evalu 
ate all control components individually to 
get the maximum value and/or effect from 
each. For example, scales, indicators or dials, 
that are covered by a transparent window, 
can be fabricated of lighter gage materials 
and decorated by the less durable, although 
more versatile and economical printing 
cesses. Savings, in turn, can be investec 
more serviceable external elements that can 


be created in three dimensional plastics, acid 
etched metals, or die struck relief 
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Fig. 1—Industrial parts molded, 





U. 8. Rubber Co. 


extruded or fabricated from  rubber-styrene 


copolymers include ducts, piping, battery cases, trays and textile and electrical parts 


New High Impact Styrenes 


POLYSTYRENE'S WEAK SPOT in many 
gincering applications has been its 


low impact strength. Recent eBorts by 

plastic manufacturers in blending sty- 
ne with rubber have produced con 

pounds with much ա impact 
rength as well as greater ductility 


nd improved low temperature proper- 
The light weight, high heat dis 
point, chemical stability and 
characteristics of 
polystyrene are generally retained 
The Bakelite c ompany and the U. S 
Rubber Company een very active 
in this field and each has recently 
produced modifi 
npact strength 


listed in Table I 


tortion 


good p 


pany have | 


T he If propertics 


ES 


act strength o! 


The increase in imi 
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d styrenes with high 





tained by modification is appreciable— 
up to six times that of regular poly- 
styrene. However, in designing with 
these modified styrenes, other effects of 
modification must be considered. 

The specific gravity, heat distortion 
point and flexural modulus are not 
seriously affected. Consequently the 
modified materials retain the advan- 
tages of light weight, good heat re- 
sistance and stiffness. 

Properties that are affected adversely 
are tensile strength, flexural strength 
and water absorption. Tensile strength 
and flexural strength are only about 
half of regular polystyrene, although 
satisfactory for most applications in 
view of the gain in impact strength. 

The much higher water absorption 
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of modified materials adversely affects 
dimensional stability and electrical 
properties. This property must be con 
sidered in design of parts to be ex 
sed to moisture. Tolerances can not 
e held as close because of the dimer 
sional change that normally accon 
panies the absorption of moisture. 
The chemical resistance of the rut 
ber-modified polystyrenes is in gener: 
similar to regular polystyrene althoug 
not identical. A careful check 
chemical resistance should be mad 
prior to selection of the material. 
For out of doors weathering resis! 
ance, the rubber modified materia! 
are slightly poorer in the unpigmentc 
state than polystyrene. There is litt! 


difference between modified and ur 





t 
























Bakelite Co. Materials 
Polystyrene QMS-151 QMS-152 
Specific Gravity. ............... 1.08 1.05-1.10 1.05-1.10 
Water Absorption 24 hr., percent.| 0.03-0.04 0.12 0.12 
Distortion Point, F........ 180-190 178 178 
Tensile Strength, psi............ 6,000-9,000 3,500-4,500 3,800-4,500 
Elongation in Tension, percent 1.5-2.7 10-25 10-20 
O. ia o isisa aei 10,000-15,000 6,000-6,500 6,000-6,500 
Flexural Modulus, psi x 10..... 300-350 300-350 300-350 
Strength 
, ft-lb./in. width 25ՇՎ 3-6 15-20 15-20 
Chany. ft-Ib./in. width —25 C 4-5 10-30 
Izod, ft-Ib./in. of notch 25 C.| 0.25-0.60 1-2 1.5-2.5 
Izod, ft-Ib./in. of notch —20 C. .3-.4 .4-1.1 
—40 C. 
Power Factor 
60 cps, 10° cps, 10* cps......... 0.001-0.003  0.0007-0.006 Օ0.0007-0.004 
Dielectric Constant 
ո 10° Շքտ, 10" Շքտ........ 2.45-2.70 2.79-2.85 2.79-2.82 
Loss Factor : 
60 cps, 10* cps, 10* cps. .......| 0.00025-0.001 0.002-0.019 0.002-0.011 
Dielectric Strength, volts/mil 
A ar 485 471 
Soter Kp. ceres 400-600 437 449 
Volume Resistivity, megohms 8 .3x10* 8.2x10* 
Sp Gs oe veces 2.8x10* 2.7x10* 


Table I—Properties of Regular and Rubber-Modified Polystyrenes 


U. S. Rubber 
Material 
QMS-155 Kralastic J 
1.05-1.10 1.015 
0.12 0.3-0.4 
183-187 170 
4,500-5,000 2100 
10-30 
6,000-7,000 5,400 
200-250 140 
20-35 
20-35 
2.51-10 6-7 
0.88-2.10 6.0 
5.2 
0.0024-0.0028 
2.67-2.73 4.00-4.05 
0.006-0.008 
446 
434 340 
8.2x10* 
2.8x10* 


The advantages of light weight, good chemical resistance and excellent process- 


ing characteristics of polystyrene have often been dampened by its poor impact 


strength. New styrene-rubber blends show marked improvement in toughness 


modified polystyrene in the opaque 
pigmented types. The use of a weather 
resistant coating on pigmented sty- 
renes, both modified and unmodified, 
should improve the applicability of 
other materials for out-of-doors serv- 
ice. A plastic with a weather resist- 
ant coating should certainly stand up 
etter than painted steel since it would 
be much less subject to deterioration in 
case of coating failure caused by me- 
hanical damage or improper applica- 
tion. 


Specific Materials 


Bakelite’s rubber modified polysty- 
renes are designated as QMS 151, 
QMS 152 and QMS 153. 

QMS-151, which is available in a 
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variety of opaque colors (white to 
black) is a general purpose high-imp 
material since it can be molded at a 
higher rate per machine than the others 
and is suitable for a wide variety of 
applications between 20 F and 110 F 
The toughness of this material is indi 
cated by its high elongation and high 
modulus in tension, and its good 
Charpy and Izod impact strengths. In 
the flexural test failure is due to bend 
ing, further indicating the toughness 
of this material. Practically, the tough 
ness is apparent by the manner in 
which tensile test specimens can be 
bent. Extrusion plasticity data indicate 
QMS-151 to be the most free-flowing 
of the three compounds 

QMS 152 was developed for use in 


1952 


rigid pipe and fittings and is currently 
vallis only in black. It is superior 
to QMS-151 in toughness at both room 
temperature and sub-zero temperatures 
Its extrusion characteristics are excel 
lent and its injection molding chara 
teristics good although it is not as fr 
fiowing as QMS-151. Black pip 
1.in to 6-inch in diameter and molded 
pipe fittings were produced from 
QMS-152 

QMS-155 is by far the toughest of 
the three Bakelite high-impact polysty 


renes as indicated by its high notched 


Izod impact str: ngth, Charpy impact 
strength, low modulus of elasticity and 
resistance to abusive mechanical treat 


nt at room temperature and sub-zcro 


temperatures. It has excellent 


i 
յ 
' 























The Bakelite Co 


Fig. 2—(Right) Inner door panels for refrigerators are molded with a minimum wall 


thickness of about 0.100 inch and withstand repeated door slam tests. 


(Left) Extruded 


pipe of high impact styrene is light weight and is easily machined and threaded. 





Fig. 3 


trusion and molding characteristics 
though requiring slightly higher mold- 
ing temperatures and pressures than 
QMS-151. The superior practical 
toughness of QMS-155 was demon- 
strated by ball drop tests and vise 
squeeze tests, Table II, on extruded 
tubing of QMS-152 and QMS-155 at 
normal room temperature and sub-zero 
temperatures 

QMS 151 is suitable for molding 
largc parts with a relatively thin cross 
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The Bakelite Co 


The toughness of extruded styrene-rubber pipe is evidenced by its ability to 
resist cracking when squeezed and twisted in a vise, even at low temperatures. 


section, such as a refrigerator inner 
door panel. This part, Fig. 2, can not 
be molded from the 155 material 
even with increased injection pressures 
and longer molding cycles. QMS-155, 
however, can be used for relatively 
large parts if the cross section is not 
too thin. Refrigerator door frames 


Fig. 2, were successfully molded from 
latter. A much higher cylinder tem- 


perature and cycle time was required 
U. S. Rubber's latest development 
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in rubber plasticized styrene is des 
nated as Kralastic J and is especia 
applicable at low temperatures. 
While maintaining the gen 
properties of rubber-styrene comp 
tions it has the added advantage 
retaining its toughness at temperatu 
as low as 10 to 30 Ն of —1 
to —122F. Its impact strength at va 
ous temperatures ts shown in Table 
There is only a slight drop in imp 
strength from 25 C to 10 Ը. 


Fields of Application 


The toughest grades are extrud 
into pipe and fittings or tubing for : 
in wells or farm water supply. 
toughness of 0.8 inch tubing ե 
0.125 wall thickness was demonstrat 
by its ability to withstand a 70 to 8 
percent reduction in a vise, Fig 
without cracking—even at —5F. A or 
pound ball dropped 80 inches onto t! 
tubing failed to crack it. Modified sti 
rene pipe is light and easy to hand! 
and can be machined and threaded o 
the job, resulting in savings in labo: 
and installation costs, One hundred f 
of one-inch pipe weighs only 14 
compared to 168 lb for galv aniz 
steel pipe. 

Refrigerator parts are readily in 
jection molded, swedged or blow: 
from sheet, These parts include inner 
door panels, door frames and trays. 

Battery cases injection molded fro: 
these compounds readily withstand 
rough handling even at low temper: 
tures 

Other applications include strong 
wall moldings, toys, ducts 
housings for mechanical and electrical! 
components. Small mechanical 
such as cams and gears are 
able for these materials 


containers, 


items 


also suit 


Table II— (a) Height of Drop of 1 Ib 
Ball to Crack Extruded Tubing 0.8 in 
Diam. x 0.125 in. Wall Thickness 


QMS-152]QMS-155 


At Room Temperature} 30-40 in. | 80 in. + 
Ar oc 10-12 in. | 80 in. 4 
At —15 C... 6- 8 in. | 35 in. 

At —23 C... 2-'4"in.| 4-6 in. 


(b) Reduction in Jaw Opening Before 
Cracking When Tubing 0.8 in. Dia. x 
0.125 in. Wall Thickness is Squeezed in a 
Vise 





At Room Temperature| 30-507 | 70-804; 


AtOC 20-40% | 70-807% 
At —15 ( 15-30% | 70-80% 
At —23 ¢ 15-25% | 50-80% 
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QMS-152 [OMS-155 
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HONEY BEE is the first all metal one passenger light weight airplane. Weighing only 550 Ib, the craft has a maximum flight 
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speed of 120 mph and can climb at the rate of 1,100 fpm. Beecraft claims the airplane was designed and built in 60 days 


Designers Find New Ways To Use Aluminum 


DESIGNERS HAVE ADDED two 
firsts” in the application of aluminum 
is production figures of the light 

tal continue to spiral. Recently 
Beecraft Associates, Inc., San Diego, 
Calif. announced the construction of 
the first all metal, single place, light 
weight airplane; while Grimston Astor 
Limited of England has completed the 
first all aluminum 60 ft ship. 

Called the Honey Bee by its design- 
ers, the new airplane weighs only 550 
pounds, has a 27 ft wingspan, and is 
17 ft long. A 65 hp engine powers 
the aircraft at a top speed of 120 mph. 
Cruising speed is 110 mph at an alti- 
tude of 2,500 ft and the rate of climb 
is 1,100 fpm. 

Despite several design innovations, 
Beecraft claims it took only 60 days 
to design and build the first Honey 
Bee. The airplane has an all-alumi- 

m stressed skin, an unusual spring 

| tricycle, landing gear, and a but- 
terfly tail. Rudder pedals also steer the 
nose wheel, and a hydraulic braking 
system is incorporated for landing. 

Beecraft anticipates that the new 

rcraft will be particularly useful for 
border, forestry, oil line, and wire 
patrols, as well as for individual busi- 

ss and pleasure flying trips. 

Grimston Astor built the M. Y. 
Tonquin to demonstrate possible ma- 

uses of stressed aluminum skins 
ilar to those used in aircraft. 


They shaped and joined the light al 


new 
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loy sheet that make up the hull in th 
flat state and added the transverse 
members. Then they pulled the sheets 
into shape so that resilience was im 
parted to the skin by the strain energy 
retained in the structure. Grimston 
Astor calls this technique the “two 
way tension system ot construction 
In addition to reducing the dis 
placement of the ship, the skin hull is 
responsible for considerable operating 
economies. In tests conducted for the 
British Government, the Tonquin trav- 
eled over 13 knots half the 
power and fuel required by a wooden 
ship of the same size and design 
Another advantage claimed for th 
light metal hull is that it displays 


using 


M. Y. TONQUIN is the largest ship ever built with aluminum skin hulls. Extensive 
use of aluminum inside and outside reduces displacement to 14 tons. 
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better resistance 
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termittent service 
Aluminum for shipboard us 
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Because of this new hul 
travels 1.2 nautical miles 
of fuel at the normal 
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indicates locations of various parts in this new giant calculator. Electronic circuits us 


5,000 miniature vacuum tubes and 18,000 germanium diodes. Scientists will use computer to analyze guided missile flight problems 


More New Computers to Solve Defense Problems 


U. S. MILITARY AGENCIES arc continuing to lean heavily 
on automatic computers to solve complex mathematical 
problems brought about by the trend to automatic weapons 
(Produc t Engineering, Aug ust, p 186). The two latest 
additions in the field are digital computers: RAYDAC 
(Raytheon Digital Պան Computer ) was built by the 
Raytheon Mfg. Co. for the U. S. Navy Bureau of Aero- 
nautics to analyze guided missile flight problems; “Tele- 
plotter" was developed by the Naval Ordnance Laboratory 
t nent present computcr equipment. 

RAYDAC is capable of being programmed to solve any 
problem in the ficld of numerical mathematics or of 
processing data in accordance with any logical system. It 
d of seven major units: clock, central control, 

internal memory, external memory, hunt 
and operator's console. In addition as separate equip- 
ment there is a problem preparation unit and an output 
printer 

This computer is of the four-address type, using serial 
transmission of digits, serial-parallel acoustic mercury 
delay lin and having a basic pulse repeti- 
tion rate of 3.77 megacycles per second. The machine 
operates in the binary system with a basic precision of 
thirty-one binary digits including the sign. The word 
length is thirty six digits; the remainder are used for 
checking 

The external memory consists of four tape handling 
mechanisms, cach of which can store 700,000 characters 
in 3,150 blocks. Each block im the external memory has 
an address printed in binary code on the reverse side of the 


oO augti 


compos 
arithmet unit 


unit, 


internal storage, 
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magnetic tape so that the computer can obtain access to 

stored information. As a result, for a computation, the 

machine has access to 2,800,000 stored decimal digits 
Information is stored in the internal memory in th: 


CLOSEUP OF EXTERNAL MEMORY as technician threads 


one of the four magnetic tape recorders capable of 
700,000 decimal digits in 3,150 easily accessible blocks. 


storing 
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rm of ultra-sonic pulses in mercury delay-line” columns. 

[he pulses represent actual numbers previously fed into 
he internal memory automatically and circulate within 
he confines of the delay lines 200,000 times per 
unute, until they are c alled out to be used as factors in a 
alculation. Despite the large storage capacity, the internal 
nemory is about the size of an ordinary shoe box. 

The Computer is self sequenced so that the end of onc 
operation initiates the next. Operation times vary depend- 
ng on thc operation to be pertormed and for some opera 
tions, the operands. Computation of a typical problem 
proceeds at the rate of about 1,600 operations per second. 

Specifically, RAYDAC can perform 1,900 additions, 
1.900 subtractions, 1,100 divisions, or 1,400 multiplications 
per second. 

One unusual feature of the computer is a built-in "check 
and double check" system. A check pulse indicating correct 
operation must be delivered to the sequencing circuits 
before computation can proceed. Transfers of words within 
the machine are checked by means of a transfer weighed 
count process and arithmetic operations are checked by 
means of identities operating on arithmetic weighed counts. 

On the operator's consol- there is a directly connected 

rinter for viewing intermediate results, as well as key- 

խան for manual entry of data and instructions. The 
operator can view any word located in any register or 
storage position in the computer. 

Information is put into the computer on magnetic tapes 
that are prepared from paper tapes punched on a modified 
teletype machine. The output unit is a modified teletype 
printer with manual and automatic format controls to per- 
mit printing results direct from magnetic tapes. 

While RAYDAC is a giant-size calculator (it’s 44 ft 
long), original plans had it much bigger. The use of 5,000 
miniature vacuum tubes and 18,000 germanium diodes 
permitted Raytheon to make the computer room-size instead 
of building-size. However, the miniature tubes require a 
cooling system that uses enough refrigerant to cool 50 home 
refrigerators. 

Here's how guided missile designers will use this ma- 
chine: When the guided missile is launched, ground radar 
stations will record its speed, altitude, and direction on 
high-speed recorders. Inside the missile, miniature trans- 





TELEPLOTTER developed by Naval Ordnance Laboratory plots 


digital solution to problems. About desk size, the newest com- 
puter contains 600 electronic tubes and cost about $15,000. 
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mutters will send out information on the speed, how fast 
it 1$ using up its fuel, the temperature of the mussile’s 
engine, it's angle of ascent and descent and other data. All 
this information will be coded and fed into the computer 


Instantancous solutions of flight problems will enabl 
the designers to analyze the flight as it proceeds instead ol 
waiting 20 to 30 days for manual calculations 

Raytheon spokesmen fecl that RAYDAC has ge 
future than just analyzing guided missik problems. They 


visualize its use for such operations as predicting weath 
conditions days in advance to a high 

and performing tedious « operations of insuran 
companies, | 


degree of accuracy, 
lerical 
banks, tax bureaus, and business in general 


NOL Machine Plots Digital Solutions 


Computing facilities at the Naval Ordnance Laboratory 
have been expanded by the addition of the "teleplotter 
the first installation in the country that automatically plots 


digital solutions for many different kinds of probl 
The machine automatically plots six distinct kinds of r 
sults as they are computed ե other electronic calculators 
Built by the T« lecomputing Corp., Burb Calif, tl 
new machine is about the size of an ordinary office desk 


and has 600 vacuum tubes. 

This is how the Navy scientists will fit th 
into their present computing setu 

Data and instructions will be fed into the control unit 
of their present CPC calculators. The data will then go to 
the calculating unit where the operations will be p 
The results will be transmitted to the card output machine 
where they will be punched on cards or sent to th tele 
plotter where they are plotted. Scientists claim that the 
plotted data is much easier to interpret than that on print d 
cards or sheets 

One use NOL plans for their new machine is to plot 
trajectories of missiles to tell whether the missile will be 
stable and to compute the path of the yaw without a tually 
firing the missile. 

It also can be used to plot velocity and pressure waves 
resulting from the detonation of explosive charges, and plot 
pressure profiles. NOL claims that the new machine will 


reduce data inte լ pretation time by 


leplott r 


rformed 


a whopping 90 percent 





NOL COMPUTING CENTER 
unit of computer (front left), is transmitted to calculating ma- 
chine (left rear), and then to teleplotter (right). 


Data is fed into controlling 
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TECHNICAL NEWS 





Processes: Photographic Imprint Saves Man-Hours 


BELL AIRCRAFT CORP., BUFFALO 





Co 
tion is positioned to allow clearance applied with a slight pee to make 


N. Y., has developed a method of for grommets, tinning, bolts, and the cellulose tape stick. 


printing numbers, letters, and symbols rivets Imprinting is done when the emul- 
photographically on bare surfaces of The drawings are copied photo- sion is — to fluorescent tubes or 


l, aluminum and plastic parts. Bell graphically and positives are made —photoflood lamps. 
claims the new process provides a from the negatives. Each positive is To develop the image, a mixture of 
clearer and more uniform result as placed on double-backed cellulose tape solutions B and C applied on cotton 
well as substantially reducing the tin so that absolute contact with the emul- is wiped across the exposed surface 

juired to manually print the in- sion is made. The tape is longer than While the surface is still wet, it must 
formation with pen or stamp the positive so that it can be easily be handled carefully since pressurized 

In this process a new developer and aligned and removed. air will remove the emulsion. 
sensitizer (K&E 33053) made by Sensitizing solution is sprayed on The dried image is permanently pro 
Keuffel and Esser Company is used. the surface of the part. A coat of tected by spraying with a solution com \ 
K&E 43053 has three components: medium thickness ts adequate as long posed of equal parts of 3M-776 
olution A for sensitizing. and solu as it completely covers the surface cement (made by the Minnesota Min 
tions B and C for developing The emulsion is then dried by infra ing and Mfg. Co.) and M.E.K 


Here is how Bell prints information 


red lamps in five minutes, or in air (methol, cthyl, and ketone). This 
on channels and chassis 


for 20 minutes. coating will protect the printing from 
After the emulsion is dry, the posi- chemicals usually found around a plant 


Leroy drawings of the part to be im ) 
printed are made on vellum. Informa- tives are positioned on the part and and will also serve as an insulator. 








NEW PROCESS prints information on metal and plastic parts. 
Here positive print of information mounted on cellulose tape is 
positioned over sensitized surface of aluminum channel. 


EXPOSURE by 24 photo-flood lights for ten minutes transfers 
information onto emulsion. The process will reproduce half 
tones, and can use incandescent, or fluorescent light. 





DEVELOPING is done by wiping with a piece of absorbent 
cotton soaked in a mixture of K&E #3053 solutions B and C. 
[hen part is rinsed in cold water and no darkroom facilities are 


required. Emulsion is an autopositive, unaffected by temperature. nel. If necessary, methanol will erase the printing. 


FINISHED PART is protected with a spray. This channel had 
122 five digit numbers printed on it at one time with the new 
process. Figures were laid out to miss the 85 holes in the chan- 
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Steel Strikes 
Cost 20 Million Tons 


I ASHINGTON-—The recent eight- 
wcck steel strike and the two stoppages 
n April cost industry 20,000,000 tons 
of steel, almost 20 percent of the an 
sated output for 1952. In dollars 
production and wages, the cost will 

ı from one to four billion dollars. 

As a result, the National Produc- 

|: Authority has shelved plans to 

ontrol steel. Now it is doubt- 

if steel will be plentiful until 
April of next year, and full decontrol 
innot be expected before the summer 
of 1953. 

Serious byproduct of the strike was 
the curtailment of iron ore shipments 
from the Great Lakes Region. This 
shortage will not be felt until mid- 
winter when the Great Lakes freeze 
up and stop shipments. Some steel 
people predict that the mills will have 
to cut down to less than 85 percent 
of capacity because of an ore shortage. 

But despite production losses, NPA 
plans to boost self-authorization limits 
on carbon steel from 60 tons to 500; 
on alloy, from 16 tons to 90: and on 
nickel-bearing stainless steel from 500 
lbs to 10,000. Such a regulation is 
now being drafted and will go into 
effect in January so that most small 
and medium-sized manufacturers will 
buy steel without CMP tickets. 


$30,000 Design Awards 


IHE JAMES F. LINCOLN Arc WELD- 
ING FOUNDATION OF CLEVELAND, 
OHIO has announced a new competi- 
tion for designers, engineers, and 
manufacturers of machinery of all 
types. The foundation will award 
101 cash prizes totaling $30,000 for 
the best technical papers describing 
mechanical design and construction of 
iny type of machine or machine com- 
ponent that is designed for arc welded 
steel fabrication. 

Any person who has participated in 
the designing, planning, or manufac- 
turing of machinery can compete for 
prizes in one of the 18 contest divi- 
sions. Each division has a first prize of 
$500, a second prize of $250, and a 
third prize of $150. And there will 
be 39 honorable mention awards of 
$100. In addition, a total of $9,900 
will be awarded as grand prizes to thc 
best 8 papers presented. 

Complete rules may be obtained by 
writing to the Lincoln Foundation, 
Cleveland, Ohio. The contest closes 
luly 27, 1953. 
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AIRBRASIVE UNIT was developed by the S. S. White Dental Mfg. Co. to use new 
gas-propelled abrasive cutting process. Operated on 110 v, 60 cycle a-c, the unit is 
supplied with right-angle nozzles for manual operation, and straight nozzles for pro 
duction work where nozzle would be held in a fixture. 


High Speed Abrasive 


USING A HIGH-VELOCITY STREAM ol 
sharp-edged abrasive particles, the S. S 
White Dental Mfg. Co., New York, 
N. Y. has dev eloped a process for the 
precision cutting of hard-to-work mate- 
rials. Traveling at a speed of 1,100 
fpm, the particles era through a sin- 
tered tungsten carbide nozzle with a 
diameter of 0.018 in. and impinge 
against the work surface. 

While the abrasive cuts through 
hard and brittle surfaces rapidly, it 
has no effect on resilient or soft mate 
rials such as rubber cloths, and certain 
types of plastics. In addition it will 
not damage skin tissue if an operator 
accidentially places his hand in front 
of the stream. 

Because of this selective cutting ef 
fect, the process has considerable 
promise for removing metallized films 
coated on relatively soft bases. It also 
can be used to drill thin sections of 
hard materials as well as cutting and 
etching hard and brittle substances. 


Makes Accurate Cuts 


S. S. White claims that there is no 
increase in temperature during cutting 
and there is no vibration. As a result 
they recommend this technique for 
working on materials such as germa 
nium whose physical and electrical 
properties might be affected by heat 
and shock 

Another advantage of thi 
is that there is no dit 
tool with the work 


technique 
ct contact of th 

This prevents 
dimensional variations caused by w 
of the cutting tool or by surfa 
irregularities in the work 

Normally, 
minum oxid 


abrasive 


a specially processed alu 

powder is used as th 
For special applications that 
require a lighter classified 
dolomite (a mixture of calcium and 
magnesium carbonates) can be used 
However, standard commercial trades 
of abrasives are not suitable 

Any dry insert can be used to pro 
pell the carbon dioxide is 
usually recommended 


abrasive, 


abrasive, 





GE to Supply 
UHF TV Station 


THE GENERAL ELECTRIC COMPANY 
will supply the first high power, ultra- 
high-frequency television station in the 
United States to WHUM-TV in Read 
ing, Pa. With an effective power of 
261 kw, the station will be the most 
powerful in the world when it starts 
broadcasting carly in 1953. 12 kw 


1952 


output of the transmitter will be mul 
tiplied twenty-five times by a special 
1036 ft tower erected on top of a 1650 
ft hill. This will make WHUM-TV 
powerful enough to cover a 60 mile 
radius with a fringe area beyond that 

The GE equipment will permit the 
telecasting of live talent studio shows, 
remote events, film and network pro 
grams on Channel 61 in the 
band. 
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Research: High Temperature Reduces 


Pure Nickel Tensile Strength 


[HE NATIONAL BUREAU OF STAND- 
ARDS’ Thermal Metallurgy Section has 
ompleted an investigation into the 


fect of high temperature on 99.85 
pure nickel. The study in- 
that the yield and tensile 
strength, as well as the ductility at 
maximum load, sharply decreased 
with a increase of tem- 
peratur« 

While the study showed that elon- 
gation at complete fracture attains a 
minimum at about 500 F, irregularities 
appear in the usual trends of some of 
the tensile properties in the tempera- 
ture ranges of 80 to 300 F and 500 
to 700 F In the range, the 
irregularities are apparently caused by 
strain aging; Curie point behavior 
seems to be responsible for the abnor- 
mal behavior in the higher rang« 
Recovery and recrystallization are the 
predominant factors in ductility in 
the temperature 200 to 
1.500 F. 

NBS made two series of 
the first, temperatures ranged from 
room temperature to 1,500 F. After 
the specimen was heated to the desired 
temperature, it was tested in a hydrau- 
lic machine that applied tension to 
produce extension at a controlled rate 
of about one percent per minute. 

In the second series of tests, 
peratures ranged from 
212 F Loading 


produce a contra 


pe rcent 
dicates 


substantial 


lower 


range ol 


tests. In 


tem- 
320 to plus 
controlled to 
the smallest 
at a rate of 
percent reduction 
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tion of 
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FRACTURED SPECIMENS of pure nickel. 
Figures on right hand side of specimen 


which test 
increasing 


indicate temperature at 
conducted. Notice how 


was 
tem- 


perature affects the fracture. 
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strength (0.2 percent offset), nominal 
stress at maximum load, and true stress at 
maximum load. Loading was applied so 
that extension was one percent per minute. 


that the fracture 
examined metallographically. 

This investigation is a continuation 
of previous NBS studies on high pur- 
ity copper and copper- nickel alloys 
(re go in PRODUCT ENGINEERING, 
Fcb. 1952, p. 201). Since both ma- 
terials are available in highly purified 
form and their alloys have relatively 
high strength at elevated temperatures. 
such data is needed for industrial and 
military applications. 


ture so 


could be 


Strain History Determines 
Low Temperature Properties 
Of Ingot Iron 


WASHINGTON-—Ductility at low 
temperatures of ingot iron depends 
not only on the instantancous values 
of strain and the temperature, but 
also on the previous strain-temperature 
history of the specimen. This is the 
conclusion reached by metallurgists at 
the National Bureau of Standards as 
a result of an investigation into the 
causes of metal deformation at low 
temperature. 

For ingot iron specimens extended 
in tension in the temperature range 
from —250 to +212 F, NBS scien- 
tists found that total work hardening, 
the increase in true stress with true 
strain, is the result of two processes: 
strain hardening and strain aging. The 
former is caused by crystal deforma- 
tion and increases as the testing tem- 
perature is lowered; while the latter 
is associated with the precipitation of 
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an element from solid solution and 
creases, within limits, with an incr 
in temperature. Below —180 F, 
work hardening of ingot iron du: 
deformation in tension is prima 
strain hardening. Above this temp 
ture, the strain aging during defor: 
tion. increases sufficiently to 
the dominating factor. 

Previously, mctallurgists have 
that strain aging was insignificant 
sub zero temperatures. But analysis 
the relative proportions of strain ag 
and strain hardening indicates tl 
aging has a pronounced effect at t: 
peratures as low as —180 F. 

The investigators also found t! 
rheotropic brittleness of ingot ir 
depends on the initial condition of t 
material. This is the part of low-t 
perature brittleness that can be 
moved by cold working at tempe: 
tures above the transition point fro 
ductile to brittle behavior. How c 
working a specimen by extension 
tension at room temperatures aff 
brittleness depends on how the sp: 
men was processed and heat treated 

Cold working at room temperatu: 
removes some of the brittleness in ho: 
rolled or normalized specimens, but 
increases the low temperature britt] 
ness of annealed ingot iron. 

In this study, ingot iron specimens 
were classified into five groups accord 


bec 
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ANNEALED INGOT IRON true stress 
strain data. Closed circles represent data 
obtained during extension at —245 | 
after a first stage extension at 78 F; open 
circles represent data obtained during ex 
tension at 78 F after a first stage exten 
sion at —245 F. Note that cold working 
at 78 F caused the annealed ingot iron t 
become brittle when tested at —245 F. 


ing to their processing and heat t- 

ing: (1) annealed, (2) hot-rolled, (3 
quenched and tempered, (4) normal 
ized, and (5) cold-drawn. These wer 
machined into cylindrical tensile speci 
mens and extended in tension to speci 
fied strain values in a pendulus typ 
hydraulic testing machine. During 
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NORMALIZED INGOT IRON true stress-strain data. Circles represent data obtained 
during extension at —108 F after a first stage extension at 78 F; triangles represent 
data obtained during extension at 78 F after a first stage extension at —108 F. Rela- 
tive position of second stage data with first stage indicates pronounced effect of strain 
aging during deformation at 78 F. Cold working of specimen during first stage exten- 
sion at 78 F greatly decreased its brittleness and increased its ductility during second 


stage extension at —108 F. 


tests, liquid nitrogen baths maintained 
the desired temperature. 

The specimens were extended at 
selected temperatures ranging from 

250 to +212 F. Above a 30 minute 
interval, they were re-extended to frac- 
ture, at a different temperature within 
the same range. Simultaneous load 
and diameter measurements provided 
data to plot true stress-strain curves. 

Deviation of the true stress-strain 


curve for the second stage of the test 
from the true stress-strain curve for 
the first stage (at the same tempera- 
ture as that used in the second stage) 
gave a measure of the effect of the 
strain-temperature history during the 
first stage of the test. 

Cold working at room temperature 
increases low temperature ductility of 
quenched and tempered iron, but has 
little effect on cold-drawn specimens. 





Patent Office Cuts Application Backlog 


W ASHINGTON—In August the 
U.S. Patent Office reported that the 
backlog of patent applications was the 
lowest in six years. As of June 30th, 
there were 98,138 applications waiting 
the action of examiners, compared to 
over 200,000 just three years ago. 
John A. Marzall, Commissioner of 
Patents, attributes the improvement to 
idded efficiency of operation as the 
result of instituting reforms recom- 
mended by an outside management 
consultant. But the better showing 
hasn't slowed the criticism aimed at 
the office by inventors. Since it still 
takes anywhere from one to 10 ycars 
to get a patent, inventors charge that 
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the office doesn't help them enough 
and may be stifling American ingenuity 
by discouraging the filing of patents. 

Since the start of World War II. 
Patent Office operation has been fairly 
well muddled. While the workload 
dropped off during hostilities, thc 
office was only barely able to hold 
its own because of a turnover in per- 
sonnel. After V-J day, the office was 
swamped with applications resulting 
from wartime technological develop- 
ments. In 1946, over 92,000 applica 
tions were filed, 40,000 more than in 
1942. 

Patent Office employees were in no 
position to handle this deluge. Part 
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of the examining 


division had been 


moved to Richmond, Va., during the 


war to make room in Wash 


21 b 1 
war-born agencies. Located in an old 


gton tor 


tobacco warchouse eight fect below 
street level, examiners watched valu 
able papers deteriorate from railroad 


ke and grime in their poorly ven 


It was not until 1947 that the oftx 


was brought together again in th 
Commerce D partment bu iding. But 
by this time the backlog had gotte 
completely out of control In Jur 


1 


1948, it reached an all time high ot 
41.000 appli ations 


With no impro ment in sight, th 


Patent Othce called in a management 
consultant to survey its proc dut As 
a result, the office hired 100 new 


examiners and improved their hous 
keeping and filing. By June 1949, the 
backlog had been cut to 241,000 
despite an increase of 100 percent in 
monthly patent applications 

Marzall’s administration (he took 
over in 1950) has made an excellent 
showing, despite the loss to privat 
practice of many experienced examin 
ers 

He said: “Improved administrativ: 
practice enabled us to grant 46,531 
patents last year and to dispose of 
18.693 more than we received. While 
the total number of patents granted 
was less than the 50,250 granted in 
fiscal 1951, it exceeds the totals for 
any year before that since 1942.” 

Marzall noted that developments as 
a result of the mobilization effort have 
not yet started to swell Patent Office 
totals. Last year 64.992 applications 
were filed with the office, 3,116 below 
the previous year 

And despite increase d military se- 
curity, there has been no increase in 
new inventions that cannot be patented 
because of security classifications. 

Classified inventions are processed 
all the way except for the last step, 
the actual granting of the patent. At 
this stage, they are placed in a “cold 
storage box” where military agencies 
and the Atomic Energy Commission 
get a chance to see them. To protect 
the inventor, everyone who sees the 
details must sign a certificate before 
he can view it to establish a record of 
who has seen the invention 

In addition to this protection, the 
inventor has a two-fold claim against 
the government: for using the patent 
(if the government actually does): 
and by reason of the patent grant 
being held up. The current extension 
of the law governing the sequestering 
of “secret” inventions guarantees this 
But to date, no one has exercised this 
right by suing the government for 
damages for that reason 
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Silicone Notes 


LUBRICATION 


DOW CORNING 44 SILICONE GREASE 


In electric motors which may operate hot, 
the mechanical fit-up of the bearing assembly 
has a critical effect on the life expectancy of 
silicone grease. This was proved by life- 
testing various greases in the bearings of 
totally enclosed non-ventilated | induction 
motors operating at high temperatures. The 
relation between shaft-fit and life in hours 
is shown in Figure 1. 
In the TENV in- 
duction motors 
: 2e used to test bear- 
MS ing life at 150°C., 
these curves indi- 
cate that the life 
| of Dow Corning 
[ 44 lubricated 
bearings with a 


shaft-fit of 0.2 


-. 


ԻԻՀ» + mils loose is 

H + about 15 times 
3) [ the life of identi- 
^ 


eS cal bearings with 
——- a shaft-fit of 0.2 
: mils tight. 

These data show 

the importance 

of mechanical fit- 
up. A tight shaft-fit, for example, may 
take up most of the radial clearance in the 
bearing. Where the inner race operates at 
a higher temperature than the outer race, 
unequal thermal expansion may put the balls 
under compression. Any combination of me- 
chanical fits which produces radial clear- 
ances inadequate at operating temperatures, 
or poor bearing alignment, will subject the 
grease to extreme pressures and result in un- 
satisfactory bearing life. 
The subject of Design Considerations for 
Optimum Performance of Silicone Greases 
in Ball Bearings is more fully developed in 
a paper recently read before the ASLE. 
Write for a copy. 


DOW CORNING CORPORATION - 


ATLANTA © CHICAGO 1 * CLEVELAND 13 * DALLAS 1 * LOS ANGELES 15 © NEW YORK 20 © WASHINGTON 5, D. C. 


CANADA: Fiberglo: Conodo Lid., 50 St. Clair Avenve W est, Toronto, Ontorio ENGLAND: Midland Silicones Lid, 49 Pork Lone, London, W.1 
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REFERENCE NO. 


SL-53 





ռք SILICONE 
LUBRICANTS 
Make sure you have basic data 


sheets BG-2, 5501b, 7102, If 
misplaced write Dept. R-21 


OOW CORNING CORPORATION 
Midland, Michigan 


DOW CORNING VALVE SEAL A 


With a solidification point below — 40°F. and no 
true melting point, Dow Corning Valve Seal A is 
unique among valve lubricants for its stability at 
both high and low temperatures and for its re- 
sistance to oxidation. It is generally inert chem- 
ically and physiologically; shows excellent resist- 
ance to hot water and to a wide variety of chem- 
icals and gases. 


The usefulness of Dow Corning Valve Seal A in 
chemical services too severe for conventional lub- 
ricants is indicated by tables recently published 
in a new data sheet describing its performance in 
valves handling more than 120 different chemi- 
cals and gases. Here’s a representative sample 
taken from actual field service experience: 





Tempera- 
Reagent ture, °F. Rating 
NEU NM a anaa aA Hot Good 
Calcium chloride (molten), 10096 .......... 327 Good 
Sodium hydroxide, 60% ................. 300 Fair 
NE UP es dua dim à Sr wc d i 77 Good 
ննա Ջո......:---2222»2Հ«աթաոաս աան Good 
CNS SUMO © cn kd ne ci eeused us Hot Good 
Slurry of aluminum chloride, benzoyl chloride 
and parophenyl phenol ................ 347 Good 
Slurry of potassium dichromate, sodium chlor- 
ide and sodium sulphate ............... 265 Good 
KENNEN. osa sro uREuwess ek» xéU PACA մեան Շօօժ 
angu NOM. Luaoucoccerdédandaaedae d Good 
HMM. UN -cuoxces eno dinem dixe —120 to 500 Good 








There are, of course, too many variables to per- 
mit specific recommendations. The tables from 
which these examples were taken do serve, how- 
ever, to establish the fact that Dow Corning Valve 
Seal A is used successfully in many services where 
the life and reliability of valves is severely lim- 
ited by failure of conventional lubricants. 


For example: In the valves of large turbines, an 
electrical manufacturer recommends the use of 
Valve Seal A under pressures as high as 400 psi 
and temperatures ranging up to 750?F. 


WRITE TODAY for more information on Dow 
Corning Valve Seal A. Please address Depart- 
ment R-21 and ask for data sheet No. VSA-1. 


DOW CORNING 


MIDLAND, MICHIGAN 


SILICONES 
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WHEN DESIGNING GEARS, it is often 
necessary to calculate the difference 
between the circular tooth and chordal 
tooth thicknesses as well as the adden- 
dum correction (see Fig. 1). The 


Ao 


Fig | 


nomographs on the following pages 
yield these data without resorting to 
awkward derivations. They are not, 
however, based on exact solutions and 
some consideration of the errors intro- 
duced may be necessary. 

The charts are based on equations 
derived from Fig. 2. If D is the dia, 


Fig 2 


OA = D/2 and the arc AMB = f,. 
Then At — AMB — ANB. The ad- 
dendum correction, Aa, is equal to OM 
minus ON. 

Thus 


e t 
ât = ft — D sin — 


D 
and 
âa = D/2 — D/2 cos t,/D 
Expanding the sine and cosine func- 
tions into series and using only the 
first two terms of each series yields 
the following equations from which 


ENGINEERING 
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Nomograph to Simplify Gear Tooth Calculations 


W. T. WINTER 


Western Gear Works 


the nomographs were developed. 


եմ 


At = Ep (1) 
եշ 

£ = - (7 

Aa 4D (4) 


The magnitude of error in Eq (1) 
is less than the value of the first of 
the omitted terms of the expansion, 


namely, D (&*) This error will be 


D55! 


largest for values of ¢, and D ap 
proaching those, as an extreme case, 
of a 7 tooth gear of standard tooth 
proportions and of 14 diametral pitch 
Such a combination introduces an error 
less than 0.0002 in. The numerical 
magnitude of error in Eq (2) is less 
than D (t$) 

2 py! 


which introduces an 


error less than 0.00025 in. under 
the same combination of values of 
fa and D. Since this error is inversely 
proportional to the product of diamet- 
ral pitch and the cube of the number of 
teeth, it diminishes rapidly as they in- 
crease, becoming only 0.00009 under 
the combination of 2 diametral pitch 
and 9 teeth. 

To include helical gears as well as 
spur gears in the foregoing analysis, it 
is necessary to consider the differences 
under discussion in the plane normal 
to the tooth surface. The pitch cylin- 
der intersects the normal plane pro- 
ducing an ellipse whose minor axis can 
be considered as terminating at the 
center of the tooth. Determining the 
radius of curvature at this point and 
expressing it as an equivalent spur 
pitch diameter discloses that it has the 
following relationship with the trans 
verse pitch diameter of the helical 
gear: 


Let 


D = equivalent spur pitch diameter 

D’ = pitch diameter of helical gear in 
the transverse plane 

y = helix angle 
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Then 
D 


Substituting this value 


t6) 


in ] is (1) and 


E 2 
4 D/cos? y 


Eqs (3) and (4) then represent the 


thickness and addendum corrections 
for helical gears 
whose radius of 


Since the circle 
curvature was determined by Eq ( 

does not exactly fit the ellipse throug] 
tooth, an error | 


out the arc of the 


1 1 oe 
introduced, By analytical geometry 
can be shown howe V that this error 

1 t 
is so small as to be completely ignori 


in most cases. It is only 0.00006 for 
\ a and less than that for Aż for values 
of t, and D corresponding to those of 


a 7 tooth gear of 14 diametral pitch 


Spur Gear Example 
Pitch Dia 1.0 


Diametral Pitch 


Given: 


Solution 


Line I shows 
At 0.00125 in 
Aa = 0.0096 in 


Heli al Gear Exan 


Given: Transverse Pitch Dia 1.0 


A. 


liametral pit 10.0 
յ t 
Solution 


Draw line Il From D 10.0 
to y 
Draw line III from interse 
of line II with D scale to appro- 
priate val ie of Fed 
From line III 
Al 0.00035 in. 
Aa = 0.0046 in. 
Chart II is identical to Chart 1 
except that it is constructed for gears 


with larger dimensions 
(continued on page 20 
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“The Finest in 


vad* Magnesium Die Castings 





Expanpep production facilities at Auto- Castings can provide the answer to 

Lite’s tremendous Lockland, Ohio, plant your production problems. Whether it's 
լ now enable us to produce "feather. Magnesium, Aluminum or Zinc Die 
"m weight’’—precision-built Magnesium Castings, let Auto-Lite supply your need. 

«1 Die Castings. Wherever you need light 

Ա | . 
y weight... high accuracy . . . good bear- 
ü ing properties . . . superior machina- | Your Inquiries Are Invited 

bility . . . Auto-Lite Magnesium Die | THE ELECTRIC AUTO-LITE COMPANY 
Die Casting Division, Woodstock, Illinois 
Lockland Division, Cincinnati 18, Ohio 


600 S. Michigan Ave. 723 New Center Bldg. 
Chicago 5, Illinois Detroit 2, Michigan 
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Nomograph to Simplify Gear Tooth Calculations (continued) 
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“Helical gear exomple 
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Բ ա eiii. -Spur geor example 
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D |o 
Spur Pitch Dio 15 Tronsverse 
is E 2 Helicol 
Equiv. Pitch Dio.,in : Pod Pitch Dio ,in 
| — — 
. a Pitch 
E (continued on page 209) Tooth o 
Thickness 
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Keep these 
shapes in mind 


It will pay you to keep in mind the many advantages of 
special-shaped Armco Steel Tubing when you design or redesign 
your products. Tubing is pleasing to the eye. It may be the 
means of giving your product that extra “sales appeal.” 
Chances are good we can supply this mechanical tubing in 
any shape you require. Getting made-to-order shapes can 
help you eliminate or greatly reduce many costly fabricating 
operations. It also helps step up production. 
Besides these shop savings, tubular parts give your products 
the most efficient section for structural requirements 
under many types of loading conditions. 
This means lightweight, high-strength products at low cost. 


RANGE OF SIZES 
When bending, flanging, expanding, beading, upsetting 
or swaging operations are necessary, you'll find Armco Tubing 
will do all that you ask of it. Sizes range from 
V4" to 3^ 0.D., wall thicknesses from .028 to .083. 
Send for catalogs on Armco Steel Mechanical Tubing. 
A helpful new booklet tells “How to Fabricate Armco Steel 
Tubing" —gives you all the details you need. Just fill in the 
handy coupon, attach it to your company letterhead, and mail it today. 








ARMCO STEEL CORPORATION 
send 4262 Curtis Street, Middletown, Ohio 








[C] Catalog on Armco Steel Mechanical Tubing. 


me C] "How to Fabricate Armco Steel Tubing." 
Name i 
compete | i Ր 
data Street — cit ini iii 


City a D aaa 


= rm 


Atmeo Geel Corporation 
ծ 


4262 Curtis Street, Middletown, Ohio 
Plants and Sales Offices from Coast to Coast 
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| Nomograph to Simplify Gear Tooth Calculations (continued) 
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High Pressure Electro-Hydraulic Selector Valve 


A recent addition to a line of clectro-hydraulic equipment 
is the new Hydel sclector valve for the selective control 
of hydraulic circuits. Basically, it consists of a hydraulic 
valve electrically operated through twin solenoids. These 
solenoids are controlled by a push-button or lever-switch. 
This form of electrical remote control simplifies the over- 
all hydraulic system by eliminating much of the plumbing 
between the pilot's control and the actuating jack. 

The view at left shows the type 4600-Y providing a 
four-way, three-position with blind neutral. 
Other three-way twin solenoid types, with or without a 
neutral position, or with the flow to the selected service 
either open or closed after de-energizing, and single 
solenoid two-way valves are also available. 

Considering the four-way, three-selection (blind neutral) 
type 4600-Y in the valve series, the mechanism of opera- 
tion can be followed by reference to the diagram at right. 
In a hydraulic circuit, the valve unit is supplied with 
fluid under pressure from the pump at point (P) and con- 


selection 


nected to the jack (or similar actuator) at points (C) 
and (D). The return line connection to the reservoir is 
made at point (R). With both solenoids de-energized, 


fluid pressure in the valve is contained within the housing 
of the spring loaded piston and the cylinders of the servo 
pistons. Equal pressure on the composite servo pistons 
holds them against stops at the inner ends of the cylin- 
ders. In this position it will be noted that they centralize 
the slide-valve in the neutral or closed position, both service 
ports (C) and (D) being blocked off. 

The central port of the slide is sealed against a pressure 
tight face between the service ports (C) and (D). 
Pressure equilibrium is maintained in the valve by the 
pilot valves pressing on their upper seats as shown in the 
illustration. These pilot valves are controlled by the sole- 


noids (1) and (2). When solenoid (1) is energized 
it forces the valve off its upper seat on to the lower o 
cutting off the pressure supply to the related servo cylinde: 
and causing the contained pressure to fall. In the other 
cylinder, the small servo piston moves inward, and pushes 
the central port of the slide-valve into position over the 
outlet connection (C). Pump pressure and flow are then 
lined up with the corresponding inlet connection on the 
actuator. The oilway on the right-hand of the slide-valve 
now located over the open port (D), permits free flow 
of oil to the return pipe-line (R). 

These conditions are maintained until the solenoid is 
de-energized and pressure equilibrium restored. Operatio 
of the right-hand solenoid (2) causes the same action on 
the opposite valve and piston, with the effect of directing 
the pressure flow through port (D) and return to th 
reservoir through port (C). The sequence of events is 
rapid; with the selection of either service from neutral 
being completed in 0.12 sec, while the return to neutral 
is performed in 0.03 second. 

The solenoids are continuously rated for voltages | 
tween 28.5 and 22, with a test voltage of 16 at a temper 
ture of 20 C; they are detachable and are suitable for 
continuous operation in all climatic conditions. In t! 
event of electrical supply failure, pressure in the selected 
circuit is maintained by the automatic movement of t! 
slide to the central (closed) position. 

Both single and twin solenoid types of the valve a 
designed for hydraulic systems with operating pe 
up to 4,000 psi at any temperature between 70 C above a: 
54 C below zero. The normal flow capacity is 20 gal/mi 
ute. The single solenoid type weighs 1.9 Ib and the tw 
solenoid, 2.5 pounds. 

Dowty Corp., 












25 Beaver St., New York 4, N. 
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SPECIFIED 


Wide Range 
Variable Pitch 


Sheaves 


For use with a stationary-control, 
range, vari-pitch sheave with Q 

R section belts, a new type of 

igic-grip"’ bushing makes possible 
a quick and easy installation of the 
sheave and permits mounting it on the 
shaft so that the adjusting control 

chanism is either toward the motor 
aring or away from it. 

This bushing incorporates the use 
of a tapered sleeve clamp action mech- 
anism which consists of two split 
tapered sleeves, one within the other. 
Drawing them together with the lock- 
ng screw produces a double action 
result. The bushing sleeve is con- 
tracted on the motor shaft, and the 
sheave sleeve is expanded against the 
disks simultaneously, effectively lock- 
ing the entire mechanism together. 

The wide-range vari-pitch stationary 
control sheave makes use of the vari- 
pitch sheave principle of mechanically 
moving angular faced disks nearer to- 
gether, or farther apart, thus changing 
the pitch diameter of the sheave. 

The wide-range stationary control 
sheave has a positively actuated mech- 
anism which maintains true pitch di- 
imeters. It consists of two sets of 
movable disks mounted on a main 
sleeve. These disks are bolted to- 
gether to form separate assemblies, 
ind are adjusted manually with a rod 
which turns an adjusting screw. This 
screw is so constructed that it moves 
oth disks of each groove at the same 
time, maintaining alignment of the 

Its. The disks are made of special 
grade alloy iron and are heat treated. 

The wide-range vari-pitch sheaves 
have been developed for use with 
'tandard motors from 14 to 30 hp with 
notor speeds from 1,800 to 900 rpm 
Che standardized shaft diameters and 
projections of NEMA frame motors 

ill require a definite size sheave for 

ich motor size. 

Allis-Chalmers Mfg. Co., 
General Machinery Div., 
Milwaukee, Wis. 
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Hard Rubber Pump For Acids, Alkalies 


Now available in hard rubber construction for handling 
acids, alkalies, and other corrosives, a small, neoprene im- 
peller pump will deliver 15 gpm at 22 ft. head, or 5 gpm 
at 72 ft. head. The maximum capacities are 95 ft. head 
or 16 gpm. It pumps viscous or thin liquids, is resistant 
to alkalies, solutions of metallic salts, inorganic acids, 
hydrochloric acid any strength, and any liquid that can be 
handled by neoprene 

The pump is self-priming. It will start instantly against 
suction lifts of 6 ft without a foot valve. When primed, 
it will handle suction lifts as high as 14 feet. 

The self-lubricated flexible neoprene impeller is said to 
outlast conventional metal rotors and gears, and is self 
compensating for wear. The impeller can be replaced by 
simply removing the cover plate. 

The pump is threaded for } in. standard pipe threads. 
It can operate equally well in either direction, reversing 
flow. The 4 hp, 1,140 rpm, polyphase, close- 
coupled with the impeller, and mounted directly over the 
motor shaft. 

Corrosion-resistant hard rubber is used in the molded 
pump casing, cover plate, gland parts, and drip pan. 
The base is cast iron painted with acid-resistant paint. 


motor 1S 


PUMP CAPACITY CHART 


Total Head, psi 





oO 5 10 5 


Capacity, gpm 


Mounting bolts and studs are stainless steel. Shaft, impeller 
insert and key are made of Hastelloy C. 
American Hard Rubber Co., 93 Worth St., New York 13, N.Y 





Oil-Tight Pushbutton Units 


Oil-tight pushbutton units for machine tool applications, 


designed completely on the building-block principle, 


incorporate self-a-line contacts and removable color rings 
for pushbutton identification. This building-block con- 
struction permits increased flexibility of application be- 
cause the basic units can be arranged in various combina- 


tions to meet all special as well as standard requirements. 
The manufacturers claim that two operators, five color 
rings, and two contact blocks can be arranged in any of 
twenty different combinations 
The self-a-line double break contacts are placed at an 
angle so they close with a rolling action. The operating 
| | the movable contact, 
adjusting evenly to wear. The 


lever str 
iever sti 


retaining alignment and 


IKCS a Curved surface on 





contacts then always break simultaneously. The only basi 
form of contact block used in the new units is a single-pole, 
double-throw type made of melamine for maximum arc 
resistance. A rira double-throw combinations are 
made by mounting two of these units on the same base. 

As the contact blocks are located on the back, the mat 
facturers claim that as much as 60 extra feet of connection 
wire can be eliminated from the standard 9-unit station 
with this assembly. 

Units come in 1, 2, 3, 4, 6 and 9 button stations, with 


contacts rated at 115, 230, 460, and 575 volts. Depth of 


unit enclosures is 3,75 in., and a standard pushbutton € 
tends 4 in. beyond the case. 


General Electric Co., 1 River Rd., Schenectady 5, N. 


" s 


CONTINUED ON PAGE 2:1 
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Key to better piping design... 
your easy-to-use CRANE Catalog 


momo oo at aan dil ER Mri Min i os e d ee 


You can design better piping into any product... faster... when 
you specify from your Crane Catalog. Here, between two covers, 
you'll find the world's most complete assortment of quality piping 

materials—carefully arranged for convenient selection. And for 
every piping item there's a full listing of recommended services; 
complete design, material, and construction details; plus helpful, 
easy-to-use pressure and temperature rating tables. In addition, 
your Crane Catalog answers general engineering questions con- 
nected with designing efficient piping systems. 

Specifying Crane gives your product added value, too. Now 
that replacements are harder to get, your customers realize more 
than ever the advantages of dependable, longer-lasting Crane 
Quality equipment on the machinery they buy. 


(ART FOR A BIGGER SELECTION OF BETTER PIPING Wh 
... CHECK THE BROAD CRANE line li 






ANGLE GLOBE 


VALVES € C VALVES 
"n" F FOR RUGGED, DEPENDABLE 
"2" service on steam, water, oil and 
gas lines—Crane recommends 
. 150-Pound Brass Gate Valves 
with accurately guided solid 
wedge disc. Tight stem seal as- 
sured by high quality stuffing 
box packing and gland; can be 
repacked under pressure. Rising 
or Non-Rising Stem; screwed or 
flanged ends. Sizes: '/ to 3-inch. 
See your No. 49 Crane Catalog, 
page 17. 








, impeller ւը BOLTS AND , 
k 13, NY = GASKETS f 
—— | Steam Generator by 
մ Clayton Manufacturing Company 
— Fl Monte, California 
SEDIMENT 
SEPARATORS 
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Jepth of I3 General Offices: 
tton € 836 S. Michigan Ave., Chicago 5, Ill. 
| Branches and Wholesalers Serving 
5 N E All Industrial Areas 
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New Bridge Balance Simplifies Direct Recording 


A completely new 8-channel bridge balance, type 8-108, 
has been added to a line of recording instruments, and 
may be used for direct recording of the output of a 
wide varicty of strain gages and strain gage type pickups 
without the use of amplifiers. Used with this company's 
5-114 or 5-116 recording oscillographs, the new 8-108 is 
casy to operate at a resultant high degree of accuracy. 

Up to eight 120- to 350-ohm strain-gage bridges or 
strain-gage-type pickups, comprising four active arms, may 
be connected to the instrument. If fewer active arms are 
used, dummy gages can be added externally. Voltage across 
cach bridge can be adjusted individually and continuously 
from the level of the supply voltage, 28.5 d-c maximum, 
down to a minimum of 2.0 v on a 350-ohm, four-arm 
bridge and 1.1 v on a 120-ohm, four-arm bridge. Each 
channel has its own front-panel voltage control, and the 
channel selector switch connects any channel to the volt- 
meter circuit. Adjusting voltage individually on each bridge 
permits pickups of different resistance value to be used 
simultaneously, while maintaining on each, optimum 
wattage dissipation, and minimizing drift problems. 

The same 30-volt full-scale voltmeter is connected to the 
supply voltage through the channel-selector switch. It is 
also possible to monitor and record the supply voltage by 
means of a 7-238 galvanometer. A locking potentio- 
meter on the rear panel adjusts galvanometer եո» 
from 1.0 to 2.1 in. for any supply voltage from 22.0 to 
28.5 volts. A connector is used for the monitoring galvano- 
meter. 


Any of four fixed calibration resistors in a 2:1 suc- 





four-arm pickup bridge, each step doubling galvanometer 
deflection. In addition, a fifth position of the calibrate 
switch connects an external calibrate resistor of any desired 
cessive relationship, may be applied to either halt of each 
value. 

Each channel has a balancing potentiometer for adjust- 
ment of the bridge to a zero stress level, output being read 
on a 50-0-50 microampere balance meter. Three ranges of 
balance sensitivity may be used. After balancing, settings 
are protected against accidental changes by the locking-type 
controls. Polarity of each channel may be reversed by a 
two-position toggle switch on the front panel. 


Consolidated Engineering Corp., 
300 N. Sierra Madre Villa, Pasadena 8, Calif. 





Increased Safety in Measuring D-c Voltage 


A d-c voltage measuring reactor has been designed to 
provide safety in the measurement of high d-c voltage by 
insulating the instrument circuit from the power source. 

Developed for remote measurements of d-c voltages up 
to 1200 volts, the equipment consists of a saturable core 
reactor with a single d-c winding, two a-c windings, and 
proper range resistors. The d-c winding has a saturating 
effect on the core, and the a-c windings, supplied from a 
separate power source, deliver a rectified average current 
proportional to the degree of saturation of the core. A 
selenium bridge rectifier is used in the a-c circuit to permit 
interpretation of the average current. 

A calibrating adjustment is used with the new device 
which gives final adjustment of the output current to the 
burden used. The reactor is designed to work into a burden 
with a nominal resistance of 25 ohms. The burden should 
not exceed a maximum resistance of 100 ohms. 

Because of the heavy construction of the non-electronic 
device, it requires little maintenance. It has no moving 
parts. In addition, the use of the d-c voltage-measuring 
reactor allows reduction of initial instrumentation costs. 

The d-c voltage-measuring reactor has a plus or minus 
accuracy of 0.5 percent of full scale, and operates on a 
power supply of 115 v, 60 cycles. The reactor measures 
61 in. x 61 in. x 4 in. and weighs 2 lbs, 10 ounces. 





214 





General Electric Co., 1 River Rd., Schenectady 5, N. Y. 
CONTINUED ON PAGE 216 
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KAYDON Roller Thrust Bearings 
630” x 18.976 x 4725 
in Ideco SS-300 Swivels 
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| Takes 300-ton loads! 


Dead-load capacities to 300 tons have been obtained, 
















i without added weight, in IDECO Streamlined Swivels for IDECO oil-well 
. “nM: "mn . drilling Rotary 
deep oil-well drilling. The success of these rotary swiv- Swivel medeby 
els is the result of advanced engineering and years of — ա 

. . . ` 2 ston, re 
experience in swivel manufacture. Rugged bearings are Equipment 
vital . . . husky KAYDON heavy-duty roller thrust bearings Company, (ene 


of the Dresser 


carry the full load. industries), 
d $ k 7 Dallas, Texas, 
In many other industries, machine designers find KAYDON showing bear- 


. . . . . i location. 
bearings help make bigger machines possible, without "T 


unnecessary bulk and weight. If you have a bearing 
problem, contact KAYDON of Muskegon. 


KAYDON Types of Standard and Special Bearings 
Spherical Roller ¢ Taper Roller ¢ Ball Radial ¢ Ball Thrust 
e Roller Radial * Roller Thrust ¢ Bi-Angular Bearings 
THE ENGINEERING CORP. 
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New Fittings for Connecting Flexible Plastic Pipe 


With the development of new insert 
type ell and tee couplings for making 
sharp turns or take-offs from flexible 
plastic pipe lines, time and material 
are conserved in making leakproof 
connections, and onc fitting now makes 
a connection which formerly required 
the use of three or four. 

These new fittings are quickly joined 
in the same manner as previously used 
for insert couplings. Sections of pipe 
can be cut to the desired length with 
an ordinary hand saw and the fitting 
inserted. Stainless steel clamps are 
tightened over the pipe and fitting to 
draw the pipe down onto the serrations 
of the insert to give a positive, leak- 
proof joint. The only tools required 
are a saw and screwdriver, and con- 
nections can be completed in less than 
two minutes. 

When the flexible plastic pipe is to 
be joined to a metal fixture or a pre- 
viously installed metallic system, an 
insert adapter is used. One end is 
screwed onto the metal threads, and 
then the plastic Pipe is slipped over 
the serrated end and clamped securely. 
Adapters used I. P. T., which mate 
with standard female threads. 





These new fittings, together with be guaranteed against rot, rust and 
the straight insert coupling and electrolytic corrosion. They are light 
threaded tees, ells and unions, make in weight, can be handled easily, to 
possible all types of installations with save time, and give permanent, leak- 


this flexible plastic pipe. All fittings proof connections. B 
are molded from a single piece of Carlon Products Corp | 
thermoplastic material and are said to 10255 Meech Ave., Clevland 5, Obi i 





Plug-In Alarm Units Are Hermetically Sealed 


Automatic alarm units for remote 
signalling of failure or other-than-nor- 
mal operation of valves, pumps, heat- 
ers, and other kinds of equipment 
in process operations, have a special 
type of unitized construction which 
will permit a variety of circuit arrange- 
ments from one basic alarm unit. This 
is made possible by a switchboard cir- 
cuit header which is wired into the 
basic relay in different ways, depend- 
ing on the circuit desired. 

Designed for class 1, div. 2 applica- 
tions (or for all general purpose use) 
the hermetically sealed relay unit is the 
basic component. It is a fully self- 
contained assembly, filled with dry 
inert gas and hermetically sealed, and 
is available in over 50 standardized 
operational circuits. 

The units are self-contained and 
plug in the chassis like a vacuum tube. 
The chassis is also standard, varying 
only in size to accommodate various 
multiples of the units. The uniform 
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bus chassis wiring makes it possible to nameplates, and are illuminated by 

plug any circuit into the same chassis. six watt lamps. Clear visibility at great 
Two types of signal lights are avail- distances is said to be possible with th 

able: backlighted nameplates, or giant larger new type turret lens. 

turret lenses for two light systems. 

Both have 2 to 12 stations with an in- Tigerman Engineering C 

tegral chassis, 2} x 3 in. engraved 4332 N. Western Ave., Chicago 18,1 
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Motor End Frames 





Gyrol Fluid Coupling 






Torque Converter 





Garbage Disposer Housing - 



















ly, to : 

Iu i Carbon Pile Regulator Steel-Belted Piston Alternator Housing Diesel Permanent Mold Piston 
f Corp. մ 
5, Ohio 

3 

| 

à 

$ 

| 
Air Connector Launching Barrel for Bazooka 

: 

| 

i Wing Actuator For many years the foundry of Thompson's Light Metals Division quietly 

1 cast thousands and thousands of hard-to-make precision parts in light alloys 

of aluminum and magnesium. 

Word got around that Thompson had the experience and facilities to cast 
light-weight, strong, heat-resisting alloy parts in permanent molds and high 
pressure dies— which eliminated the weight problems of ferrous counter- 
parts. One by one manufacturers came to Thompson for help and advice 

when they learned that the close tolerances achieved by Thompson cut 
machining and finishing costs. 

Today, our capacity is channeled to top-rated jobs. We're building addi- 

1 tional facilities as fast as possible and, in the meantime, Thompson services, 
as always, are at your command. Our entire staff of creative engineers is 
ready to help you plan new parts or re-design old ones for the future. 

p à . S s ա. m = E 5 ^ > - E 2m " - 1 
v: E A THOMPSON STORY TOO BIG TO HIDE: 
y £3 E é ^ Ն ) կ i ա»: > 
great 
h th 
s Thompson Products, Inc. 
8, 2 
2269 Ashland Road . Cleveland 3, Ohio 
E 218 LIGHT METALS DIVISION 
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Broadband Ferrite-Core Transformers 


Taking advantage of a new design 
technique based on ferrite magnetic 
cores and tetrafluoroethylene insula- 
tion, a line of specialized transformers 
is being offered, giving application ad- 
vantages: (1) where r-t circuitry re- 
quires impedance matching over a wide 
impedance and/or frequency range; 
(2) where r-f or audio applications 
require electrostatic shielding between 
windings, high voltages, or especially 
small dimensions. 

Typical designs shown in the illus- 
tration include: 

A. A grid-driving transformer with 
600 ohm input for 3 kw, 1,350 v rms, 
2.24 amp and an output of 4,500 v 
rms across 6,750 ohms. Response is 
flat within 0.1 db from 30 kc to 1.2 
mc and efficiency at 30 kc is 98 per- 
cent, 

B. A high-voltage — grid-drivine 
transformer with 50 ohm input for 2.5 
watts, 11.1 v rms, and a double 100v 
rms output from two windings sepa- 
rated by 3,300 v rms. Response is flat 
within + 1.5 db from 30 kc to 2 mc. 

C. A push-pull output transformer 
with 4 watt input and output to a 50 
ohm line. Response is flat within 1 db 
from 20 kc to 1 nx 

D. (Shown in hand) Line-balanc- 
ing transformer, from 500 ohm unbal- 
anced input to 500 ohm balanced 
output. Response is flat within + 3 
db from 13 kc to 4.5 nx 


In these types the 


core material 





ONENTS 


= MATERIALS A N 


and insulation used combine high efh- 
ciency with low leakage inductance 
and low distributed capacitance result- 
ing in roughly a four-times increase in 


voltage-handling capacity over an 
equivalent conventional iron-core 
transformer. Leakage reactance of 


these types run approximately 10 per- 
cent that of equivalent conventional 





D 


PANIS 


dad cii did: 


p 


T 


transformers. 
than those of conventional types. 
Functionally, the transformers 


said to be capable of operation wit! 


internal tempc ratures up to 160 € 


Size and weight are less 


are not damaged by moisture absor; 


tion or fungus attack. 
Sierra Electronic Corp., 830 Britta 


San Carlos, ( 


Automatic Single-Step Voltage Booster 


This automatic voltage booster is a 
single-step unit of sufficient rating to 
handle motor starting loads in areas 


where fluctuating low voltages are 
common. This device is designed 
primarily for such motor-operated 


appliances as: refrigerators, air-condi- 
tioners, pumps, milking machines, 
separators, and beverage dispensers 
and could be used in rural areas and 
export market areas where low voltage 
periods have been causing unreliable 
performance, or motor damage. 

The new booster is completely auto- 
matic in operation, and will cut into 
the circuit if the line voltage drops to 
about 105 v or below. When the linc 
voltage rises to about 110 volts or 
more, the booster is automatically dis 
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connected. The voltage booster plugs 
into the regular line outlet, and the 
motor power cord into the booster 
socket. The unit is portable and may 
be used for any number of machines 
because of its plug-in connection. It 
does not require wiring or installation 

Specifications for model 92004 are: 
load capacity 2KVA; approximate 
voltage boost 12 percent; pull-in, 105 
v drop-out 110 v; length 8 in.; width 
5 in.; height 7 inches. The measurc- 
ments for model 92005 are: 16 x 6 x 6 
in.; with the load capacity 5 KVA. 
All other specifications are same as for 
the model 92004. Other capacities and 
voltage ratings, as well as 50 cycle fre- 
quency units can be designed for rea- 
sonable volume requirements. 
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Sola Electric í 


1633 West 16 St., Chicago 50, 
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ALLOY PRECISION ԹԱ». 727... 


Ld 
- EAST 45th ST. AND HAMILTON AVE. e CLEVELAND 14, OHIO 


iu" 
v Sg 6r 


To Executives Charged with Responsibilities 
of Design, Development and Production: 


This is intended to call your attention to the Mercast frozen 
mercury process of investment casting == a development that manufacturers 
find helpful in solving difficult design and production problems, We £ | 


Տ 
suggest that you immediately investigate this versatile process which eX Ke 


makes available one-piece shapes previously impossible to cast or machine 


Frozen mercury patterns and our special ceramic investment 


rir it MB ioa i S d i a arci 


material permit surface finishes and dimensional tolerances never before 
available in foundry production, For example, *.002 to .003" per inch is 
consistently held, In many applications, our castings require no finish ^N 


machining. Some mercastings, with intricate shapes and cavities, were Հան 
‘row զ 

| 
SAAT DN (e 
assembly, or were too costly to make at all. pre ^ | 


previously fabricated parts which required expensive machining and 


gg 78 
metallurgists can help you get mass production in such hard- 
to-machine metals as pure nickel, Hastalloy B, Rexalloy 108, stainiess, 
Stellite, and others, both ferrous and nonferrous, at exceptionally close 
tolerances, Current applications -= radar, aircraft, automotive, 
electrical, and machinery == indicate the wide, economical adaptability 
of mercasting,. Here may be the answer to your problems involving design 


WS 


eee materials ... Costs ese Weight ... time ... machining capacity. Kris ' 
-------" զ ent 

If this discussion suggests use of mercastings by your company, 

write to Dept, A-2 for Bulletin 706 — or tell us your specific problems, 


Our metallurgists and Mercast engineers will be glad to serve you. 
| 


2 " Sincerely, - 
| D Castings d l 4 
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High Strength Cork 
Gasketing Material 





— 
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Made by a modification of the beater saturation process, 
new fiber gasketing materials called accopac, have high 
compressibility, combined with high crush resistance, im- 
perviousness, flexibility, uniformity, and other qualities. 

The beater saturation method treats the fibers with water 
dispersions of rubber or resin, distributing an even coat 
over each fiber before the shect is formed, and giving the 
sheet a homogencous quality. The new process is said to 
permit the deposition of larger amounts of saturant on 
the fibers than was possible with the conventional bath 
method. With the new process, different types of fibers, 
saturants, and fillers may be combined. 

Among the advantages of these new materials are: they 
will not dry out, harden, or shrink on aging or in service; 
they have high compressibility which gives good sealing 
even under light flange pressures; they will not rupture or 
crush under flange pressure loads of 100,000 psi; they are 
homogencous and impervious, and will hold internal pres- - dis ------վ 
sures of trom 1,000 to 2,000 pounds per square in., | i 
depending on the grade of the gasket material and the Idi 
flange pressure; they are flexible and will not crack. | | S^eef v 

One group of these materials, made of cellulose fibers, ` 
finely ground cork, and synthetic rubber, is recommended 
for sealing liquids and gases at temperatures up to 250 F. 
The materials are available in three grades, in sheet, roll, 
and ribbon form, and in cut gaskets and washers. 

Asbestos sheets also are available. They are composed 
of crysotile asbestos and Buna N type synthetic rubber 
binder, and are recommended for sealing liquids and 
gases at temperatures up to 750 F. These asbestos materials, 
which are available in sheet and continuous roll and ribbon 
form, are homogencous and non-directional, with a com- 
pressibility of 30 to 35 percent under a load of 2,800 lbs 
per square in.; and will not crush and leak even under 
flange pressures of 100,000 psi can be bent double without 
cracking or losing thear sealing properties. O 20 40 60 80 100 

Armstrong Cork Co., Lancaster, Pa. Load in Thousands psi 
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Percent Deflection 











Small Size, Open Blade, Aeg Switch 


A new switch is said to offer the answer to all control 
problems wherever electrically operated apparatus has lim- 
ited space for switch installations. 

Requiring space only 13 by 44 by $ in. exclusive of 
the terminals and terminal strip, this miniature switch will 
handle resistive loads of 10 amp at 125 v a-c, and 5 amp 
at 250 v a-. The contacts have positive wiping action 
that makes the switch adaptable ioe use with tungsten 
filament lamp loads. A feature is the use of terminals 
integral with the contact supports. This gives a lower 
series resistance with consequent less heating, at maximum 
load. 

It operates on close movement differential, and requires 
only a few ounces for an actuating force. The single-pole, 
double-throw contacts let any type E switch be used for the W. L. Maxson Corp., Unimax Switch Div.. 
normally open or normally closed circuit control 460 W. 34 St, New York 1, N. Y. 
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CONFTFONENTS 


Heavy Duty Speed Measuring Heads 


cavy duty tachometer heads, when used with the 
meter indicators, recorders, or controls. may be used 
| wide range of speeds, and may be used for me asuring 
ds of rubber extruders, metal working machines, ball 
ls, cement kilns, and similar installations. Speeds þe- 
n 200 and 10,000 rpm for full scale indication arc 
asured by these heads, and they can bc overspeeded 2 to 
times without damage. 
[he stainless steel head shaft is 3 in. in diameter, and 
pported in large, sealed ball bearings. The head casting 
inodized aluminum having à in. wall and heavy mount 
: feet to give stability of inital alignment. All working 
rts and terminals are sealed against dirt, abrasives, and 


splashing liquids Electrical connections between the head 


nd speed indicator can be up to 1000 feet or more, 
provisions for using conduit or armored cable. All 
ids of the same type number are completely inter 
igeable and require no special matchings or adjustments 








Mercury Switch in Plastic Potting 


Although standard glass-enclosed mercury switches ar 
ufficiently rugged for most S: jobs, newly designed 
ercury switches embedded i n plastic potting compounds 


for added protection have many applications that require 


idditional protection against mechanical shock or impact 


In addition to being stronger, these designs also are said 
to offer new methods of mounting mercury switches. 


The first of these new mercury switch assemblies is the 


IMPI switch, whose overall size is 23 in. long, 3 in. wide 


ind 14 in. high. This unit has less than 1 deg. differen- 


tial angle, with an electrical rating of 2 amp 115 a-c; or 


amp 115 d-c. Contact arrangement is single-pole, 
iormally open. Mounting holes have been provided for 
i in. mounting screws and pins. 

In the mercury switch line there are more than 90 tube 


designs from which to choose size, variations in differen- 
tial angle, electrical capacity, and contact arrangement 


Long Life Switch for Electric Counter Use 


Designed to withstand millions of operations, this heavy 
et electric switch may be operated by reciprocal motion 

r by complete revolution of the shaft. Although it was 

leveloped especially for electric counter actuation, it is 
idaptable to other applications where electrical operations 
need to be synchronized with mechanical operations. 
Reciprocal operation requires an arm movement of 20 
eg minimum, 340 deg maximum, In rotary operation, the 
witch is closed 140 deg and open 220 deg of each revolu- 
tion. Arm position is adjustable. Operating torque, 2 
n.-0z. minimum. 

The contact springs are nickle silver with silver points 
Oversize bearings, and heavy steel shaft with steel operat- 
ig arm are used. Rated at 10 amp, 115 v, or 5 imp at 230 

i-c, the switch measures: 6 in. x 1$ in. x 145; deep. It 
an be furnished equipped with measuring w ան 
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High Strength Cork 
Gasketing Materi-' 


Made by a modification of the beat 
new fiber gasketing materials called 
compressibility, combined with high 
perviousness, flexibility, uniformity, ar 

The beater saturation method treats 
dispersions of rubber or resin, distri 
over each fiber before the sheet is for 
sheet a homogencous quality, The ne 
permit the deposition of larger amo 
the fibers than was possible with th 
method. With the new process, diffe 
saturants, and fillers may be combinec 

Among the advantages of these new 
will not dry out, harden, or shrink on 
they have high compressibility which 
even under light flange pressures; they 
crush under flange pressure loads of 1( 
homogencous and impervious, and will 
sures of trom 1,000 to 2,000 n 
depending on the grade of the gaske 
flange pressure; they are flexible and ` 

One group of these materials, made 
finely ground cork, and synthetic rubbx 
for sealing liquids and gases at tempera 
The materials are available in three gr: 
and ribbon form, and in cut gaskets and 

Asbestos sheets also are available. Դ 
of crysotile asbestos and Buna N typ 
binder, and are recommended for se 
gases at temperatures up to 750 F, These 
which are available in sheet and continuc 
form, are homogeneous and non-directi 
pressibility of 30 to 35 mes under a 
per square in.; and will not crush and 
flange pressures of 100,000 pet; can be bx 
cracking or losing thear sealing propertie 

Armstrong Cork 





Small Size, Oj 


A new switch is said to offer the ansv 
problems wherever electrically operated aj 
ited space for switch installations, 

Requiring space only 14 by 4% by @ 
the terminals and terminal strip, this mini 
handle resistive loads of 10 amp at 925 4 
at 250 v a-c. The contacts have p 
that makes the switch adaptable for us: 
filament lamp loads. A feature is the 1 
integral with the contact supports.” This 
series resistance with consequent less heati 


load. 
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It operates on close movement differential, and requires 
only a few ounces for an actuating force. The single-pole, 
double-throw contacts let any type E switch be used for the 
normally open or normally closed circuit control. 
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W. L. Maxson Corp., Unimax Switch Div.. 
460 W. 34 Sr, New York 1, N. Y. 
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Heavy Duty Speed Measuring Heads 
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S Oversize bearings, and heavy steel shaft with steel operat- 
2 ing arm are used. Rated at 10 amp, 115 v, or 5 amp at 230 

v, a-c, the switch measures: 6 in. x 1j in. x 14$ deep. It Production lustrument 4 
h Div., ^ an be furnished equipped with measuring wheels 702-10 W. Jackson Blvd., Chicago 6, l 
N. Y. 
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Silicone Rubber Impregnated Fiberglass 





































Arcosil 2184, a recent line of silicone rubber impreg- 
nated fiberglass materials *developed to meet the need 
for ducting, sleeves, and couplings with resistance to high 
and low temperatures, combines a newly dev eloped silicone 
rubber compound with improved fabrication. techniques 
Items manufactured from this material are said to with- 
stand temperatures as high as 700 F, and remain flexible 
at —125 F, resist aging, ozon, and most corrosive fluids 
and gases. The new silicone rubber compound used is 
said to be several times more resistant to abrasion than 
any previous silicone rubber material. 

An important characteristic of the new material is that 
it lends itself readily to the forming of both simple and 
complex shapes. This has made ssible new and im- 
proved fabrication methods. In addition, ducts fabricated 
from the new material have less leakage. 

Items now in production and available as standard and 
custom-made parts include: helical wire supported flexible 
ducting and tubing in all diameters for high and low pres- 
sure applications; convoluted and sleeve-type flexible coup- 
lings for hot air ducts; high pressure-high temperature hose cations. The material can be bonded to metal and parts 
suitable for handling hot air at 700 F and 2000 psi; can be fabricated with built-in T's, elbows, flanges 
die-cut high temperature gaskets; and fabric-covered sponge other special features. 
silicone seals for high and low temperature sealing appli- Arrowhead Rubber Co., Downey 
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Measures Surface Electrical Resistance Directly 


A device that measures the surface electrical resistance, 
directly in microhms, was primarily designed for meas- 
uring the resistance of aluminum; however, other materials 
with low surface resistance may also be measured. 

The indicator can directly measure the total surface resist- 
ance of two sheets, or coupons, when placed between 
two self-contained electrodes. Resistance values of 0 to 
100 microhms can be read directly. Resistance of 100 to 
1000 microhms may be read indirectly. 

Resistance as low as one-millionth of an ohm (0.000001 ) 
can be measured on a direct reading linear scale calibrated 
0 to 100 microhms, Values of 10, 15, 20 microhms can 
be read as easily as 100. 





The surface resistance indicator shown contains a V : 
or C type yoke to accommodate aluminum sheet or large 1 
coupon. The distance between center of press and bottom 
of yoke is 53 inches. 

The indicator is complete with hydraulic pressure device amp/hr automotive storage battery. A battery charger is 
and pressure gage, 5 in. standard copper electrodes, vacuum supplied, mounted, and interwired. | 
tube d-c. millivoltmeter, resistance indicator adjuster, and The components are mounted in a cabinet 13 in. high, 
d-c power source with suitable voltmeter and indicator 20 in. wide, and 10 in. deep. 

'b. The d-c source consists of a standard 6 v, 100 Weltronic Co., 19500 W. Eight Mile Road, Detroit 19, M 










A TORQUE SCREW-DRIVER, especially POROUS STAINLESS STEEL GAGE SNUB- — body materials are 18-8 stainless st 
suited for electronics equipment and BERS that use a porous stainless steel and brass. The stainless steel bod 
assembly is available in sizes for disk for damping pulsating pressures are rated at 20,000 psi operating pres- 
torque measurement from 0 to 6 in.-oz, are now available for high pressure sure, and the brass bodies at 15,0! 
to 0 to 24 in.-ounces. Apco Mossberg service. The snubbers are made in psi. Equipoise Controls, Inc., P. O 
Co., 224 Lamb St., Attleboro, Mass. | in. SPT, and 4 in. SPT. Standard Box 269, Bronxville, N. Y. 
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Big overload 


capacity 


General-purpose motors. A widely varied selecti 
Capacitor-Start, Split-Phase and Poly-Phase Motor 


Special-purpose motors. With specific mec! 
electrical characteristics for pumps, oil burner 
blowers. Motors that in all 
requirements "às is 


probability will 
Ask your distributor, or write 


It isn't put there for steady use 
Hoover Motors have an overload capa 


each one of them a working giant in a sm 


Like those last miles of speed in yo 


this overload Capacity is a safety reserve 


needs. And it's good to know you have 


You see its benefits in smoother, fa 
hard-to-start machinery—in running spe« 


main almost constant even with wide variati 


Է շո ans ee 


And because of this greater in-built capa 


1 * V 
Motors run cooler, stay quieter on the job, at 
A ver ec IC f ors their youthful vigor through a long, full lite 
ի Փ since 1934 And service? When you need it, wh 


THE HOOVER COMPANY Hoover service facilities are world-wide 


to protect your Customers and to gui 


Kingston-Conley Division name. 


92 Brook Avenue, North Plainfield, New Jersey 


Propucr ENGINEERING — SEPTEMBER, 1952 





An a-c electromagnetic »ump with no moving parts, for 
pumping liquid metals ամ other low resistance conducting 
fluids at temperatures up to 1000 F, can be used to move 
any conducting fluid that has a specific resistance equal to 
or less than stainless steel (approximately 90 microhm-cm). 
Liquid metals such as sodium, sodium potassium, alloys, 
and lithium will fall in this classification 

The new pump operates on the principle that a current- 
carrying conductor in a magnetic field is acted on by a 
force. In this case, the fluid serves as the conductor, so that 
when current and flux are properly applied, pumping 
occurs 

One of the three basic elements of the pump, a trans 
former unit, sets up a high current through the liquid metal 
and, simultaneously, a magnetic field perpendicular to 
that current. A cell unit, which consists of a flattened 
stainless-steel pipe, carries the liquid metal through th 
magnetic field. Since contact is made from the copper to 
the liquid metal through a thin wall of stainless stecl, the 
liquid must wet the wall to permit a high current to flow 
The fluid must be fed into the inlet of the cell with sufh 
cient head to keep the cell full. The third basic part, a 
capacitor unit, which consists of 500 uf in parallel with 
the primary of the transformer unit, gives the power factor 
correction. 

The amount of liquid metal which can be pumped 
given period varies with the pressure. At 20 psi, the 
pump is able to move approximately 28 gallons of molten 
metal per minute, according to the manufacturers. Shown 
in the graph is a typical set of operating curves for the a« 
clectromagnetic pump 

The transformer unit of the new electromagnetic pump 
is 19 x 13 x 12 in., the capacitor unit 22 x 15 x 10 in., 
and the cell is one in. standard pipe of number 347 
stainless-steel, 10 in. long. The equipment operates on 
230 volts at 30 amperes. 


G neral Electric ( | River Rd St henectady > N Y 
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Electromagnetic Pump for Molten Metals 
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Originally designed for aviation fucl level control, a 
new line of level limit switches have been used in the 
control of liquid levels in the beverage, chemical food, 
fuel, and other liquid-processing industries. 

The limit switch uses an hermetically sealed, magnetic- 
ally operated switch, minimizing the false alarms caused 
by agitated solutions and vibrations. The switch is not 
affected by high altitude nor acceleration, and no springs 
are used. Fourteen models, having variations in mount- 
ings, materials, and floats, are available for aircraft use. 

The weight and mass of the non-absorbent nylon float 
are not affected by moisture, and will give an accurate 
reaction throughout the life of the switch. The aircraft 
model is supported by an aluminum body casting. Th 
actuating magnet, incorporated in a count rweight, IS Posi 
tioned by the statically balanced float which opens or closes 
the electrical circuit at a pre-set liquid level 


Revere Cort / America, Wallingford, Conn 
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want to 
clamp something | ...or position it? 


use these 


matic muscles 


T'S hard to find a machine that doesn't require 
I powerful, linear motion in some part of its opera- 
tion. Clutches must be engaged, objects must be 
grasped and held fast, heavy loads have to be moved 
in a straight line. 
Air is the answer. Pneumatic cylinders exert 
i powerful, cushioned force for any holding opera- 
ACTUATORS : 4 tion. Pneumatic actuators allow hair-splitting ac- 
curacy if you want to position something exactly. 
In addition, you have your choice between a very 
wide range of air controls that permit the most com- 
| plex interconnected assemblies. 
CONTROLAIR i But the best part is this: you can buy everything, 
VALVES E the cylinders, actuators, control valves and the com- 
pressor from one company, Westinghouse Air Brake 
Company, world leader in engineered pneumatic 
control systems. 
There’s a Westinghouse Air Brake Company dis- 
tributor near you; just look in your Classified Di- 
rectory under "Air Compressors." He'll be glad to 
show you how Westinghouse components can help 
you engineer a better product. 


"T | 


| < 
ES Ls 


Factory Branch: Emeryville, Calif. 
In Canada: Canadian Westinghouse Co., Ltd., Hamilton, Ontario 


pr eee: 


WILMERDING, PENNA. 
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New Line of Heavy Duty Connectors 


Design and construction of the AO line of heavy duty 
plugs and rcceptacles, make them adaptable for the extreme 
conditions of temperature, moisture, dust, vibration and 
shock found in the operation of military equipment. The 
plug and receptacle types follow, in general, the basic 
design of the standard AN and associated types, although 
their construction has been simplified for rugged use. 

Insulators are made of special resilient materials 65-70 
shore hardness with good dielectric qualities. Shells are 
aluminum alloy with cadmium plate and natural iridite 
finish 

Contact arrangement of insulators follow the design of 
standard AN insert drawings. The contacts are high con- 
ductive material, silver plated. Both pin and socket con- 
tacts may be removed for soldering. 

Waterproof tested at 250 F for 70 hrs. with insert 
material indicating no signs of decomposition or tackiness. 
In place of the usual endbell found in most aircraft con- 
nectors, a grommet retaining nut fits over the grommet and 


Cannon Electric Company 
terminals to give a weatherproof cable entry seal. 


3209 Humboldt St., Los Angeles 31, Cal. 


High Speed Motorized Switch 


A motorized switch has been developed that will inter- 
rupt an inductive, high current load to introduce an activat- 
ing signal in a control circuit, or any circuit where high 
speed single pole double throw switching action is desired. 

The motorized switch is a combination of the moto-mite 
motor, governor controlled if required, a small concentric 
gear reduction and a single pole double throw switch 
mechanism. Gear trains of 23 gear ratios are available for 
switch speeds of from 0.6 C.P.M. to 500 C.P.M. The 
governor can control the speed accurately over a wide 
range of input voltages. The actual size is 44 in. x 1 in. 
including governor for an 800 C.P.M. unit. The weight 
is approximately 9 ounces. The motor voltage ranges from 
6 to 90 v d-c. The motor switch features heavy duty 
tungsten contacts, wiping action on contacts, and positive 
make and break of contacts. All switch and motor con- 
nections are located at the top on the terminal block. 

The switch capacity is 450 watts. It is available with 
a specd governor, for close speed control at varying motor 


voltage. The unit is flange mounted in a 14 in. square. Globe Industries, Inc., 125 Sunrise Place, Dayton 7, Ohio 


MANUFACTURERS OF FILTERS for high 
temperature and high altitude applica- 
tion are now supplying filters especi- 
ally designed for noise attenuation 
from 14 kc to 1000 mc wide in a 
variety of circuits. With metallized 
paper capacitor sections and specially 
wound inductance, desired characteris- 
tics of high impedance, low voltage 
drop, and minimum heating can be 
obtained. Astron Corp., 255 Grant 
Ave., East Newark, New Jersey. 


POWER OUTPUT of the standard line 
of saturable transformers is phase re- 
versible a-c with output heb of one 
watt to one kilowatt, both 60 and 400 
cps. Both open type and hermetically 
sealed units are available. Ambient 
temperature limits are from —60 C 
to over +80 C. Speed of response of 
these circuits is in the order of 1 to 5 
milliseconds. Magnetic Amplifiers, 
Inc., 11-54 44th Drive, Long Island 
City, New York. 


A NEW DEVELOPMENT in single phase 
variable speed motors in fractional 
horsepower is designated as type VA-C 
varidrive, and is made in 14, 14, Y, 
and 3 hp. The new motor uses 110 
or 220 v, and has speeds in a 10:1 
ratio with the range from 4 to 10,000 
rpm. A control dial will change the 
motor's speed without stopping, elim- 
inating an external speed changing 
device. U. S. Electrical Motors, Inc., 
Box 2058, Los Angeles 54, Calif. 


CONTINUED ON PAGE 230 
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” You Specify.. ` 
..We Produce 





m pan Eastern Tool & Manufacturing Co. is com- 
ՊՏ pletely equipped with automatic machinery 
and staffed with experts for the production of 
wire forms, metal specialties and close toler- 


ance deep-drawing. 


We are ready to handle a wide variety of 
wire and metal sizes and shapes, both fer- 
rous and non-ferrous, from specifications 


to finished product. May we quote on y 
your requirements? ? 


Send for Bulletin No. 100 


հան 


Eastern Tool & Mfg. Co. : Belleville 9, New Jersey 


Po ` 
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Brake Motor in Variable Speed Transmission Unit 


A new type of brake motor is now 
' 
available for use with a line of trans 
missions in sizes from d to 3 hp. Th: 


and 3 hp model shown in the photo 
graph is available 
the motor 

The 


for the 


with or without 


brake 


immediat 


built-in motor provides 
stops required in 
indexing and positioning work. This 
feature, plus the other advantages in 
wid Sp ed 
speed holding and ability to 
resct at a given speed, are said to mak« 
the unit well suited for applications 
requiring high accuracy 


j 


the drive, such as range 


with exact 


These appli 
cations include metering and propor- 
tioning work and jobs where the speed 
of on 


part of a materials handling 


system must be synchronized with an 


othe r part 

Ihe transmission, in all sizes from 
4 to 3 hp, ts available with or without 
built-in helical 
spur types. A wide range of controls, 
including micrometer, lever and re 


mote electrical may be had 


reduction of worm of 


The com 
plete assembly of transmission, built-in 
motor with or without brake, built-in 
reducer and control, mounts with only 
four bolts, and is more compact than if 


cach element were to be mounted sepa 


instruments with 
lack dial faces are mad 


plastic casi 


in three sizes 


ind nine standard temperature ranges 
tor measurements from minus 200 to 
plus 3000 F. The corresponding Cen 
t grad is shown 


Automatic cold compensa 
tion is accomplished with a bimetal 


spiral on the bottom torsion spring. A 


junction 


variable permiability magnetic shunt 
across the poles of the magnet cor- 
cts tor copper error 
| 
Ihe millivoltmeter. movements. arc 


medium high sensitivity at four ohms 
per millivolt (222 ohms for 2500 F) 
They may be supplied with calibration 
for any standard type of thermocouple 
A calibrating resistor is included for 
adjusting the meter to different lengt' 
of thermocouple leads 

front cover is à 
one piece construction and snap fit to 


The clear plasti 


the case. The case is free to breathe 
with changes in atmospheric pressure 
The three sizes are: model 451, 44 





y. The transmission has built-in 
overload protection to prevent damage 
to the unit or to other parts of the 
power transmission system in case of 
a jam in the driven equipment. 

The new brake is a direct acting disk 
type with rugged design, fewer parts, 
smooth and instant action, cooler oper- 
ation and no solenoid or mechanical 
linkages. Motor and brake are con- 
nected in parallel. Starting the motor 
simultaneously energizes the magnet 


rately 


Black Face Pyrometers In Three Ranges 


coils. The magnet attracts the mag: 
armatures "which arc 
pressure plate, compressing the sprit 


and releasing the pressure on the disks 


Stopping the motor de-energizes 
coils. The spring tension then for 
the pressure plate back, 
steady pressure to the 


disks, al 


quic kly stopping and holding the load 


Graham Transmissions, I 
3754 N. Holton St., Milwaukee 12, W 
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and model 
All are for semi-flush 


in.; model 351, 3} in.; 
261, 24 inch 





PRopt« I 


mounting in non-magnetic material 
Chagrin Falls, Ohi 


Assembly Products Inc. 
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PRP 
announces —_ 


aNew || բ 
Product 


ee othe S 
Dyn íi 


* trademark registered Synthetic rubber sealing member bonded to steel ring for sealing circular flat 


U.S. Patent 2,455,982 


PRODUCT 


surfaces, bolt heads, rivet heads, flanges, special fittings — no grooves neces- 
sary. Seals all pressures against water, all types of petroleum products, 
many other fluids and gases. Countless applications. Write for free handbook. 


ՒՇՏ10ո er Products 


co ATION ono 
The “O” Ring Specialists 


Dept. 3, Oakridge Drive, Dayton 7, Ohio 
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Device Measures Elapsed Time Between Events 


Ihe model 550 universal counter and timer gives a 
direct reading of elapsed time between any two events; 
a direct reading of the number of events that occur during 
a precise time interval; an accurate means of measuring 
low frequencies; a means of measuring the duration of 
light interruptions of light flashes; and a method of 
measuring velocities. Time intervals over a range of 10 
microseconds to 1 sec. can be measured directly with an 
accuracy of +10 microseconds. Events occurring either 
regularly or with random distribution at rates of from 20 
to 100,000 events per second can be counted. The basic 
error is +1 event, therefore at maximum range accuracies 
of 0.001 percent are possible. The period of frequencies 
from zero c.p.s. to 100,000 c.p.s. can be obtained with 
an accuracy of +10 microseconds. By the use of auxiliary 
photocell attachments the interval between two separate 
light flashes may be timed, or the duration of a light flash, 
or a dark period may be determined with an accuracy of 

10 microseconds 

The flexibility of this unit permits it to be used as a 
precision frequency measuring device, as an electronic 
tachometer, as a secondary frequency standard, as a means 
of measuring the ratio of two independent variables, or 
as a multi-purpose general laboratory instrument. The 
direct decimal presentation of results eliminates conversion 
and lessens the possibility of resultant error. The unit will 
automatically and continuously count and display results. 

Input requirements: 

Events per unit time channel: any positive wave shape, 
amplitude 0.2 to 50 v' r.m.s. Input impedance 0.05 micro 


micro farad condenser in series with 250 K potentiometer. 
Time interval pulse channel: either positive or negative 
pulses with a rise time of 1 v per microsecond or better. 
Maximum sensitivity 1 v peak. Input 100K potentiometer. 
Time interval photo-wave channel: maximum sensitivity 
0.5 v r.m.s. Either positive or negative waves. 
Berkeley Scientific Corporation 
2200 Wright Ave., Richmond, Calif. 


Plug-In Replaceable Electronic Subassemblies 


A replaceable electronic subassembly, suitable for sub- 
miniaturizing vacuum tube circuits such as multivibrators, 
analog computing amplifiers, and counting chains, is being 
manufactured to meet demands for reduction in size and 
weight to make room for fuel and armament, in military 
craft. The unit is suitable for operation under conditions of 
vibration, temperature, and humidity found in jet planes 
and meets specifications AN-E-19 and MIL-T-5422. 

Eight to twelve sub-miniature tubes plug into a high- 
thermal-conductivity magazine on top of a component space 
which is filled with a special thermo-setting compound after 
assembly. A removable shield cannister makes the thermal 
contact, allowing a total of 15 watts to be dissipated. 

Input and output leads are brought to a standard 11 
pin base, or multi-pin connector which permits the assembly 
to be plugged in like a tube. A fastener provides for 
mechanically securing the assembly to its socket. 

A series of precision d-c analog computing amplifier 
circuits are also offered pre-packaged in the ih. A 
typical circuit is a balanced direct coupled amplifier having 
nominal closed loop characteristics, such as: Output imped- 
ance one ohm, gain (open loop) 500, terminals for 
chopper type zero stabilization provided for zeroing to less 
than 3 millivolts referred to input. The size of an eight 
tube replaceable assembly of this type is 1yg x 14 x 343. 


Avion Instrument Corp. 
299 State Highway No. 17, Paramus, N. ] 


CONTINUED ON PAGE 234 
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sii simple ... éntricate 


In zinc, aluminum or magnesium 


A DIVISION OF...f 


2 n STEWART DIE CASTING 
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2 CHICAGO, ILL 4535 FULLERTON AVE BRIDGEPORT, CONN 275 WARREN ST 
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NEW COMPONENTS MATERIALS AND PANTS ..-.. tii 





Accurate Wide Range Viscometers 


With its 200 to 1 ratio of speeds starting at 0.3 rpm, 
the new cight-speed model LVT viscometer has application 
where wide ranges of viscosity may be encountered. When 
equipped with a UL adapt r, an accessory designed to give 
special amplifying effects, the model LVT can measure 


any viscosity he tween 0.5 cps and 2.000.000 cps with great 
accuracy 

All models of the viscometers are portable and may be 
used in the laboratory, or plant. Each unit has a new 


bubble level attachment for correct leveling when making 
point-of-process determinations. Determinations are read 
directly in centipoises by inserting the instruments spindle 
in the material to be measured, and turning on the device, 
with the whole operation taking only a minut 

Each viscometer has a complete set of spindles, a 
spindle holder, and a carrying case that holds both the 
viscometer and spindle holder. Other viscometers include 
some 10 other single and four-speed models, available in 
speeds up to 600 rpm Any standard model may be 
obtained with explosion proof construction if necessary. 
This design adds little to the instrument's weight and bulk 
and does not affect its portability. 





Brookheld Engineering Labs., Inc.. Porter St., Stought Ma 


Potted Plug-In High-Gain Amplifier 


A new miniature plug-in amplifier having high gain 
and relative independence of power supply voltage fluctua 
tion is a compact unit, which measures approximately 
1g x 2} x 3 in. and is potted in a steel case, to reduce 





microphonics. Specific characteristics include a maximum 
gain of 9000 and a flat frequency response from 2 to 
1000 cycles per second. Power supply requirements con 
sist Of 600 ma, 6.3 v filament supply and 0.5 ma, 250 
v plate supply. Maximum output voltage is 20 volts. Out 
put impedance is 5000 ohms Input impedance is 5 
millivolts 


gohms. Input range is 50 microvolts to 2 
rms (a-c on filaments) 

Applications of the new amplifier include wide-range 
ntcprating ircuits, in which integration I5 obtained by a 
stabilizing of the negative feedback circuit. Because of its 
single-stage characteristics, the amplifier will accept a large 


amount Of negatiy feedback without instability. 








Engineering Research Associates, Im 
ii tM haha Ave., St. Paul 4, Mi 
թ 
A plug-in line voltage ballast resistor and allowing a lower potential to be with a 6 ft. cord and plug which plug 
designed primarily to be plugged in applied. Type TVA, 200 to 330 w; into atwo battery (45 volt B) carryin 
between a TV set and an electric re- and type TVB, 300 to 375 watts. case, the hand unit has two 4 wat 
ceptacle, is used in arcas where line Clarostat Mfg. Co., Inc., Dover, N. H. blacklite lamps, and peaks at 3,60 
voltage tends to increase up to 140 angstrom range. Both units have up 
volts. The unit operates on the ballast USED FOR FIELD SAMPLING and min- right chrome reflectors. The hand s 
principle, whereby, as the voltage in- eralogical research, a portable twin- may be plugged into any 110 v, í 
creases, the resistance increases, giving lite blacklite measures 134 in. high by cycle line. Norco Mfg. Co., 39 
an increased drop across the resistan 2 in. wide by 615 in. long. Complete — Bleecker St, New York 14, N. Y 


CONTINUED ON PAGE 23 
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MAXITORQ 


KEEPS 
GOOD 
COMPANY 


The Maxitorq floating disc Clutch was selected as standard 
equipment in 1949 for the 4 sizes of the Pipe Threading and 
Cutting machines manufactured by the Bignall & Keeler Divi- 


sion of John Ramming Machine Co., St. Louis. 


Their chief engineer says, "During this time we have had no 
service trouble involving the clutch or drive. Accessibility of 
the clutch and simplicity of its adjustment have contributed 


to a most successful design." 


Maxitorq engineers are always pleased to see an within the Maxitorq range (8 sizes from fractional 


application such as this, where it is possible to to 15 H.P. at 100 r.p.m.) single or double, wet or 


adjust or replace the clutch without tearing down dry ...ask our engineers for recommendations. 


the machine. One of our design objectives is to Design is compact, streamlined . . . completely 


get more machine builders to adopt this policy. assembled on body and shipped ready to slip onto 


Maxitorq, however, gives top performance where- a shaft. Separator Springs prevent drag, abrasion, 
ever it is installed. and heating in neutral...all assembly, adjustment 


If you require smooth, reliable power transmission and take-apart are manual operations. 


SEND FOR CATALOG NO. PE9. 


THE CARLYLE JOHNSON MACHINE COMPANY 
MANCHESTER * CONNECTICUT 


5 CJ 52 
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Time Control of Cylinder Powered Machines 


A recently introduced time delay switch has a wid 

iricty of thrust linkages for either right or left down 
thrust, upthrust, or horizontal thrust actuation. The new 
witch increases the application and widens the use of air 
ind hydraulic cylinder power in controlling machine move- 

ents by providing controlled time dwell at positive stops 
on either end of the cylinder movement. These time delay 
switches are said to offer a practical hydraulic method and 
low cost answer for accurately controlled time dwell, and 
are making possible automatic control of many machine 
and tool motions. 

The new switches can be furnished to dwell in any 20 
to 1 ratio from a minimum of } sec to a maximum of 60 
seconds. Changing of the liquid viscosity in the dashpot 
will give variation in the dwell ratios. Time delay adjust- 
ments within the 20 to 1 ratio are quickly made by turning 
the knurled adjusting screw on the switch housing. 

The switch is also available in explosion proof and vapor 
sealed types. Compact in size, the time delay switches can 
be mounted at the cylinder where their small size offers 
no obstruction or interference to machine movement. 

Pneu-Trol Devices, Inc., 1438 N. Keating Ave., Chicago, Ill 








Waterproof, Precision, Snap-action Switch 


A waterproof, snap-action switch having potted, water- 
proof terminal leads, and a hermetically sealed contact 
chamber, makes possible the use of precision, snap- -action 
switches at locations which are subject to immersion, and 
will be of particular value for applications on marine and 
amphibious craft. The waterproof, hermetically sealed 
character of this switch also makes its use possible in air- 
craft, mobile, and marine applications where moisture, 
dirt, and other conditions could damage, reduce the capa- 
city, or short the terminals of other switches. 

The waterproof leads, which are connected to the ter- 
minals of this switch, are potted in a high-dielectric plastic 
which completely seals the terminals and leads. These 
type 4HS switches are available with leads of any required 
length, and can be supplied with waterproof couplings. 

The metal case of this switch is sealed at the top by 
ւ metal diaphragm, through which the external actuating 
lever operates. The contact chamber is filled with an inert 
gas under pressure and sealed. All parts of the switch, can be had with single-pole, single-throw, or double throw 





including the waterproof embedment, are constructed to Characteristics: Operating force, 16 oz, +6 oz; release, 
resist damage in applications where strength is essential. force, 4 oz, min.; pretravel, 0.065 in., max; differential 


The electrical rating of the 4HS switch is: 10 amp travel, 0.020 in., max; overtravel, 0.010 in., min; contact 
inductive load, or 25 amp resistive load, 28 volts d-c; 1 break distance, 0.036 in., minimum. 
amp inductive or resistive load, 125 volts a-c. This switch Micro Switch, Freeport, lli 





A NEW HEAVY-DUTY UNIVERSAL ELECTRICAL INSULATION made of A LAMINATED PLASTIC GROMMET that 
JOINT has a 6 in. hub dia, and a length — fiberglas coated with silicon rubber, springs out and holds tight is mecha: 
of 15% in. (single joint) and 25 in. offers high heat resistance, and re-  ically and dielectrically strong, resist 
(double joint). Weight of the single tards fraying. Dielectric strengths in ant to high heat, hot oil, and excessi\ 
joint is 98 lb and of the double joint, different NEMA grades from 1,500 humidity. The ring is grooved, bes 
155 pounds. The joint has forks cast — to 7,000 volts; temperature range from — eled, and a diagonal slit made to 
of alloy steel. Curtis Universal Joint — —90 to plus 400 F. Bentley, Harris lease the tension.—Continental-Dia 
Co., Springfield, Mass. Mfg. Co., Conshohocken, Pa. mond-Fiber Company, Newark, De! 


CONTINUED ON PAGE 23s 
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22 
0 1,300000 CASTINGS 
FROM THIS DIE- 


Since Sept. 1947 


Here at Mount Vernon, we are proud of our If you have not already profited by the econ- 
long-lived dies that "stand the gaff”, exceed omies to be gained from die casting, consult 
normal life expectancy despite the severe with us. We are confident that, with our com- 
punishment of continuous operation. The one prehensive experience, skills and modern fa- 
pictured has duplicated the casting shown cilities, we can show you the way to increased 
more than 1,300,000 times—and this die is output at lower cost. 

still in use. 


Die casting affords two outstanding produc- 
tion economies: (1) rapid production; (2) re- 
duced machining and finishing. 


Both advantages are fundamental factors in 
establishing lower unit costs. But the degree տ... 
to which savings may be realized depends 

upon the quality of the workmanship in mak- Lal T. v E Ei N Ó N 
ing the dies and the care with which they are DIE CASTING CORP. 
used. Dies that retain their accuracy for longer 
periods—yield clean, flawless castings day in 


and day out—quickly write off initial costs, 
and reduce ultimate costs appreciably. 


MT VERNON NEW YORK 


Produced for The Apex Electrical Mfg. Co 
Cleveland, Ohio 
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erature a 


Supplies 


LOW COST 


FINISHES 


for zinc, 
cadmium, aluminum 
and cuprous 


provide metals 


corrosion resistance 
paint base 


choice of 
appearance And they are easy to 


apply! Just a simple chemical dip 
for only a few seconds produces the coating. 


LOW MATERIAL 
AND SHIPPING COSTS 


combine to make Iridite the most economical chrom- 
ate finish you can buy. Many Iridite chemicals are 
packed in powder form, thus can be shipped to 
you in steel pails at freight savings of up to 
75%! Pails take less storage space, are 
easier to handle, eliminate carboys, 
need not be returned. 


WHY NOT TEST IRIDITE ON YOUR PRODUCTS? Write for 


tur 4 


| send samples for free test processing. See ‘Plating 
n your Classified telephone directory or write direct. 









lridite is approved under government specifications. 


Aiueo Rose Propucts 


INCORPORATED 


4004-06 E. MONUMENT STREET ¢ BALTIMORE 5 MD 





New Parts and Materials conti 





Pivot Bearing Assembly 


An instrument type pivot bearing, 
sembly, consisting of a hardened 
polished steel pivot mounted in a 
set screw with a hex nut for lo 
this adjustable assembly In positio 
useful where a low friction strong 
sembly is necessary either with a je 









i 


[Pivot rodus hex 
ndex) 















a coined vee, or a chanferred hole 

shaft. The pivot is made of hard «I 
grained steel, heat treated and polis! 
to a metallographic finish. The p 
has a PRI of 0.002 in. to 0.004 
with a 53 deg cone angle. The p 






set screw is of mild steel with a | 
cision rolled thread albayloy plated to 
prevent corrosion and improve app 


ance. The nut is also albayloy plat 





and is used with a (նչ in. open end 


wrench to lock the adjustment. 





Welton E. Johnson Engineering ( 





New Bushing and 
Bearing Extractor 






A bushing and bearing extractor for 
blind holes, is claimed by its manu 





facturers to save up to 75 percent of 
the time in extracting bushings, bear 
ings, sleeves, liners, roller bearing 
cups, and races of magnet type bear 
ings. 

The new extractor consists of eight 
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the water 
has no place 
to go— but out! 


or tor 
manu 
“nt of 


bear The ARS Ordnance Lighting Switch pictured here will 
t make and break the circuits under water. Three separate 
Car 
- throw type contact switch mechanisms are operated by 
eight “SS three levers located on the outside of the case. Surround- 
ing each lever shaft is a seal, specially designed to keep 
water from passing along the shaft. 

As shown in the cut-away view, the sealing elements are 
synthetic rubber, precision-molded with two balanced lips, 
each tension tightened by garter springs to insure a uni- 
formly secure grip — and housed in a steel casing. More 

O-RING BOOKLET : 

, than 70,000 of these seals have been furnished to this one 

16 pages of illustra- ; 

տափ m data manufacturer. 

and specification i : ս 3 , 

Zn. Wilts Ger yous G&K INTERNATIONAL is ready to work with your 
engineers in designing special applications or to supply 
standard packings types to JIC standards. Call upon us 
for your packings needs, in leather or synthetic rubbers. 


Leather and synthetic packings 


Address correspondence to 


estas jas) 
GRATON & KNIGHT COMPANY INTERNATIONAL PACKINGS CORPORATION 
Worcester 4, Mass. Bristol, New Hampshire 


TU TINO PEIPER HOY ALCSUC T TB Ha aas 
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0 HT THE 

HWE maciine 
— AND THE 
JOB e! 


Gardner-Denver Compressor 


This Model TPO493LE Portable Compressor, made by Gardner- 
Denver Co., Quincy, Ill., is supplying air for the operation of a 
Model $17 Utility Drill, engaged in a plant maintenance job. 
Complete power reliance is placed on the Model TF 2-cylinder 
Wisconsin Heavy-Duty Air-Cooled Engine. 

More and more builders of engine-driven equipment are dis- 
covering, to the satisfaction of themselves and their customers, 
that you can't do better than to specify "Wisconsin Engines"... 
for dependable power to fit both the machine and the job. 


Available in a complete power range from 3 to 30 hp., in 
4-cycle single cylinder, 2-cylinder and V-type 4-cylinder models, 
Wisconsin Air-Cooled Engines provide economical power, with- 
out waste, to meet the most exacting requirements. Look into 
them for your use. 


4-cycle 
2-Cyl 
7 to 13 hp. 


V-type 
4-Cyl. 
15 to 30 hp. 


WISCONSIN MOTOR CORPORATION 


World's Largest Builders of Heavy-Duty Air-Cooled Engines 


MILWAUKEE 46, WISCONSIN 





Serving 
INDUSTRY 
since 1887 


WASHERS and 
STAMPINGS 


Standard and Special Washers, 
of every description, from every 
kind of material, any desired 
finish . . . designed for every 
purpose ... utilizing more than 
22,000 Sets of Dies. 


Let us Quote on Your Needs. 


WROUGHT WASHER mre. co: 


THE WORLD’S LARGEST PRODUCER OF WASHERS 
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threaded expanding arbors, a c iw 
table with two sets of legs, short nd 
long, adjustable as to distance from *| 
work, and can handle any hole f: 
4 in. to 2 in. diameter. A maximun 
24 in. may be drawn at one setting, 
and press fits of over five tons ha 
been extracted with this unit. Becaus 
of its adjustability, this set elimin 
the need of stocking many sizes í 
pulls, therefore reducing inventory. 
Crozier Machine Tool í 
648 N. Prairie Ave., Hawthorne, C 


Rubber, Bearing-Type Seal 


A new positive, two-piece bearing 
type seal to prevent oil leakage from 
rear main bearings of automotive en- 
gines replaces rope or wicking seals 
as well as incorporating a new tech- 
nique in shaft sealing. Made of oil 
resistant hycar rubber, it is precision 
molded into a lip-type seal on a half- 
circle U-channel metal band. By fitting 
two of these half-seals around the 


crankshaft and tightening together, a 
positive oil seal is obtained. 

The metal base of the seal prevents 
distortion, and the rubber covering is 
molded to tolerances as close as the 
bearings and grind of the crankshaft 

Engine speeds up to 4,800 rpm are 
possible because the rubber resists the 
effects of temperature changes, abra 
sion, automotive oils and greases with 
added detergents, and engine acids. 

Brummer Mfg. Co., 1320 McKinley $: 


J 


Chicago Heights, Il! 


Power Supply For 
Large D-C Motors 


A complete, self-contained all-pur 
pose industrial selenium rectifier, meas 
uring 26 in. x 40 in. x 65 in. high 
operates from standard 3 phase a« 
power lines, and turns out 230 v of d- 
with sufficient capacity to run large d 
motors up to 25 hp, or energize elec 


2213 SOUTH BAY STREET « MILWAUKEE 7, WISCONSIM tro-magnets and other d-c equipment 
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FAST’S Couplings usually outlast 
the equipment they connect! 


Koppers Engineering Service can help you, write 
today for a free copy of our catalog to: KOPPERS 
COMPANY, INC., Fast's Coupling Dept., 239 Scott 
St., Baltimore 3, Maryland. 


CTUAL cases on record show many Fast's Coup- 
lings are still in service after as much as 30 
years of continuous operation! Time and time again, 
equipment has been replaced while the original 
Fast's Coupling remained on the job. 


To you, these records of dependable, trouble-free 
service mean freedom from costly coupling failures 
when you specify Fast's. And they mean Fast's cost 
you far less to own and operate . . . because their 
cost can be amortized over long years of depend- 
able performance. 


For full details on how Fast's Couplings and 


FASTS 


THE ORIGINAL 
GEAR-TYPE 
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Here’s How FAST’S Save You Money 


Free Service—Koppers free engineering service assures you 
the right coupling for the job. 


Rugged Construction—Fast's still maintains its original de- 
sign, without basic change or sacrifice in size or materials. 
Result: freedom from expensive coupling failures. 


Lowest Cost per Year—Fast's Couplings usually outlast 
equipment they connect. Their cost may be spread over 
many years! 


KOPPERS COMPANY, INC., Fast's Coupling Dept., 
239 Scott St., Baltimore 3, Md. 


Gentlemen: Send me Fast’s Catalog which gives detailed descriptions, 
engineering drawings, capacity tables and photographs. 


Name 
Company 


Address 


———— 


INDUSTRY'S STANDARD FOR 32 YEARS L 








with STAR-KIMBLE BRAKEMOTORS 
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e start-and-stop cycles are toughest, you'll find Star Brake- 
ors on the job, hour after hour, day after day! 


The extra-large braking area of Star-Kimble Brakemotors assures 
quick stopping, positive holding of the load—gives long service life 
with little maintenance. Small air gap between electromagnets and 
brake disc results in extremely fast releare—allows motor to start 
smoothly, without friction drag. Other features: 


Brake discs mounted close to motor for low wear and strain on shaft 
and bearings. Magnets mounted away from motor for cool operation. 
Quick, simple adjustment of braking torque. Automatic re-set hand 


release—an exclusive, patented Star-Kimble feature. 


Remember . . . a Star-Kimble Brakemotor is a com- 
pact, integral unit—motor and brake built together 
to work together. Each Star-Kimble Brakemotor 1s 
designed for specific service requirements—by the 
company that pioneered disc brakemotors and has 
applied them successfully, for more than 25 years, 


Want to know how Star-Kimble 
Brakemotors work — what torque 
and motor ratings are available? 
Write for free Bulletin B-501-A. 


-KIMBLE 


MOTOR DIVISION OF 
E PRINTING PRESS & MANUFACTURING CO. 








11 Bloomfield Avenue Bloomfield, New Jersey 
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New Parts and Materials contin: 


The rectifier has: no moving p 
to wear or require attention, no no 
and long life; no tubes or other per 
able parts; over-load and surge 
pacity up to 600 percent of nor: 
rating; low stand-by power consun 
tion and high operating efficiency, ։ 
prox 80 percent; instant operation, է 
time lag or warm-up period require: | 


ՀԱԱ աաա ES d 


Մոն, 
onda 


Mellaphone Electronic Rectifier Co., l : 
Rochester 2, N 


Alkaline Tin-Lead Stripper 


A new alkaline chemical for ti 
rapid dissolving of tin, lead, tin-lead 
clectrodeposits, heavy solder, and hot 
dipped coatings will not attack ba 
metals, such as copper, brass, bronz 
steel, and stainless steels. Used in 
water in a concentration of one Ib/gal 
it is heated to from 160 to 180 F. 

The stripping action on bath tin and 
lead is fast, and thicknesses of 0.005 
in. to 0.010 in. are removed in one 
hour. When the time required for 
stripping increases by about 25 per 
cent, additions of 8 oz/gal. of chem. 
ical should be made. There is a limit 
to the number of additions that can b 
made because the bath will build up i: 
lead, retarding stripping action. 


Phase Sequence Relay 


A phase sequence relay recently in 
troduced is said to give positive phas 
protection to all types of polyphas 
rotating machinery, which might func 
tion improperly, or be damaged by th 
application of reverse phase sequen 
extremely low voltage, or single phas 
voltage. 

The relay is compact and substan 
tially constructed for continuous sen 
ice. It operates on a simple principk 
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Տ: Վ MEEHANITE Castings in this 
no Is 1 ' 
per | b ց 
ge L | 3 
ori ի 4 9 մ 
E | | Ո | 
cy, : 
on, 
ալ RANSITIER Truck Co., Portland, Oregon, specify 
13 T? important cast components in their line of 


N i 3 E. HiDuty Lift Trucks (Fig. 1) Meehanite metal. 

The importance of these parts is further emphasized 

by the fact that in recent months a number of them 

have been redesigned from original steel and bronze 

pe T ^ specifications. In addition to the ones shown, the 
i following parts are Meehanite castings: 


yr tl 3 mE 

n-lead ' e 1. WHEEL SPACER 5. TRANSMISSION CASE 
x 2. HYDRAULIC VALVE 6. BRAKE DRUM 

Pos | BODIES (2) * 7. WHEEL HUB(1)* 

ed in B 3. CLUTCH DRIVEN PLATE 8. HYDRAULIC CYLINDER 
»/ gal i , : 4. CLUTCH SUPPORT PACKING NUT (2)* 
F, e I * [n addition to similar parts shown. 

0 $0 E The design and specification of these components 
n on - p j PUMP BRACKET is a good example of the beneficial results of team 
a ia i work between a foundry manufacturing high prop- 
| per STEERING ARM erty, high quality castings, and a menulac 'turer alert 


cien to the possibilities of incorporating dependability 
Ema » into his product through proper specification. The 
sn b y use of Meehanite castings provides a sure knowledge 
up ii that both service and production requirements will 


' be met regularly and repeatedly. 
"A d 


Write for our new Bulletin 35 “Meehanite Cast- 


ings Serve all Industry.” 


STEERING 
GEAR l'ake yo! 
HYDRAULIC VALVE BODY PITT 
A MEEHANITE I 
ly American Brake Shoe Co. Mahwah, New Jersey 
phas STEERING CABLE DRUM a The American Laundry Machinery Co. Rochester, New York 
phas A Atlas Foundry Co 548 »* * «4-7 SABES 
P. Banner Iron Works . . . e. «© 5 « « « BD. Louis, Missouri 
fun Barnett Foundry & Machine Co. p Irvington, New Jersey 
Ny th $ E. W. Bliss Co. Hastings, Mich. and Toledo, O 
a n Builders Iron Foundry Providence, Rhode Island 
Բ | - Compton Foundry Compton, Calif. 
phas 4 Continental Gin Co. : à Birmingham, Alabama 
Crawford & Doherty — Co ‘ . Portland, Oregon 
The Cooper-Bessemer Corp. Mt Vernon, Ohio and Grove City, Pa 
sta t Empire Pattern & Foundry Co . Tulsa, Oklahoma 
-- J ի à 

sery WHEEL HUB —. Farrel-Birmingham Co., Inc. a Ansonia, Connecticut 
( ipli " Florence Pipe Foundry & Machine Co Florence, New Jersey 


b 3o d e rasgo 


Rie Mauda a eit Me A 
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TRANSMISSION CASE 


INTAKE and 
EXHAUST MANIFOLD 


= 


HYDRAULIC CYLINDER 
PACKING NUT 


HYDRAULIC 
VALVE CAP 


LLA; 
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Fulton Foundry & Machine Co., Inc 
General Foundry & Manufacturing Co 
Greenlee Foundry Co. 


The Hamilton Foundry & Machine Co 


Hardinge Company, Inc. 
Hardinge Manufacturing Co. 
Johnstone Foundries, Inc. 
Kanawha Manufacturing Co. 
Lincoln Foundry Corp 

E. Long Ltd. . é s 

Otis Elevator Co., Ltd. . 

The Henry Perkins Co. . 
Pohiman Foundry Co., Inc. 
Rosedale Foundry & Machine Co. 
Ross-Meehan Foundries . 
Shenango-Penn Mold Co. 

Sonith Industries, Inc. 

Standard Foundry Co. 

The Stearns-Roger "— ‘Co. 
Traylor Engineering & Mfg. Co. 
Valley Iron Works, Inc. 


Warren Foundry & Pipe Corporation 


MEEHANITE 


Cleveland, Ohio 

Flint, Michigan 

. Chicago, lllinois 
Hamilton, Ohio 

New York, New York 
York, Pennsylvania 
Grove City, Pennsylvania 
Charleston, West Virginia 
. los Angeles, California 
Orillia, Ontario 

2 Hamilton, Ontario 
Bridgewater, Massachusetts 
Buffalo, New York 

. Pittsburgh, Pennsylvania 
Chattanooga, Tennessee 
Dover, Ohio 
Indianapolis, Ind. 
Worcester, Massachusetts 
Denver, Colorodo 

. Allentown, Pennsylvania 
St. Paul, Minnesota 
Phillipsburg, New Jersey 


*'This advertisement sponsored by foundries listed above." 


® NEW ROCHELLE, N. Y. 





TET SEWALL SPROCKETS 


right out of 
the catalog 











If your product calls for any of these roller chain 
sprockets as diagramed, the new Sewall Stock 
Sprocket Catalog can save you time and money. 
May we send you a covy? 

Sewall sales engineers will welcome GE 


your inquiry on any type of custom- 


built cut tooth gears . . . racks... ' 
all types of sprockets. St. Paul: 
SERVICE OFFICES IN ST. PAUL AND CHICAGO ae 


Send for Nicholson 


FLOAT BULLETIN 650 


Complete Data on Welded Floats; Diagrams, 
7 Tables, Formulae for Calculating Buoyancies 


The booklet is a standard reference for — steel. Sizes, 2" to 14" diam., press. to 
specifiers of welded floats. Nicholson — 4800 Ibs.; standard or special connec- 
furnishes any type for external or inter- tions. Quick delivery on many sizes and 
nal pressures; in stainless steel, Monel, shapes. Nicholson floats are standard 
chromium, cadmium or copper - plated with hundreds of manufacturers. 


200 OREGON ST. WILKES-BARRE, PA. 





New Parts and Materials...... contir ed 


and has no delicate parts to get ox 
adjustment. Power consumption . 5 
watts per phase. 

The relay will operate on either . or 
3 phase a-c, and is made for all « 
ages and frequencies ordinarily 
countered. 


Shepard Elevator Co., 5000 Brotherton 
Cincinnati 9, ( 


Low-Loss Delay Lines 


New clectrical delay lines for usc in 
computors, radar, television, and other 
electronic applications where delays 
are required ranging up to 100 micro. 
seconds, feature low-loss, good te: 
perature stability through the use 
specially engineered temperature com- 
pensating capacitors, and small 
physical size. 

The delay line shown in the illustra. 


o 


- 5 
-— "5 





tion has the following characteristics: 
delay time, 1.1 microsec; rise time 


| (from 10 to 90 percent of step func- 


tion) 0.1 microsec; bandwith, 2.0 mc; 
attenuation, less than 1 db; character- 
istic impedance, 460 ohms; number of 
sections, 15; dimensions # x % x 8} 
in.; weight, 5 ounces. 


Gulton Mfg. Corp., 212 Durham Ave., 
Metuchen, N. J. 


Two Gun Tube 
For Higher 


| Accelerating Voltages 


A two-gun multi-post accelerator 
band cathode ray tube originally de- 
signed for oscilloscopes requiring the 
high accelerating potential necessary 
for recording high-speed transient 
phenomena, now has application in 
the newer types of radar search equip 
ment. 

Designated as type 52HAP7, the 
new ETC tube is similar to RTMA 
Type 5SP7 except for being designed 
for operation at higher acceleratin; 
voltages. A maximum of 25,000 volt 
d-c can be applied to the final post ac 
celerator anode. In addition, a nev 
type aluminized screen is said to permit 
greater luminous efficiency in tube: 
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WELDED DESIGN 
ALWAYS SAVES STEEL 
AND LOWERS COST 


assembly to simplify manufac 


Fig. 2— Present Design in Welded 
Steel — Is simpler to fabricate than the 
are pre-machined prior to welded 


tions to finish the front face and the 
original construction. Components 


casting. Required machining opera- 
mounting arms. 


support for grinder was originally a 
g g 


Fig. 1— Former Design — Belt platen 
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Cleveland 17, Ohio 
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INCENTIVE.INSPIRED CO-ACTION 








THE LINCOLN ELECTRIC COMPANY 
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Machine Design Sheets free on request. Designers and Engineers write on your letterhead to Dept. 38, 


PLANT CREATED BY 


LINCOLN 
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the A-B-C 


Electric Resistance 


WELDED 


34" to 4" O. D. 9 to 22 gauge 





SQUARE-RECTANGULAR 


V2" to 2" 20 gauge, 1" to 224", 
14, 16, 18 gauge 


Carton 1010 to 1025 


has uniform strength, weight, duc- 
tility, |. D. and O. D., wall thick- 
ness, machinability, and weld- 
ability. It can be flanged, expanded, 
tapered, swaged, beaded, upset, 
flattened, forged, spun closed, 
fluted, and rolled. Available in a 
wide range of sizes, shapes and 
wall thicknesses, prefabricated by 
Michigan or formed and machined 
in your own plant. 


of M-S-T | teet 


STEEL 
TUBING 









MAKES 
POSSIBLE 
ETTER 
PRODUCTS 
A7 LOWER 


OST 


Ready for the automobile as- 
sembly line is this vital volume 
produced tubular part of a 
major control unit. 


Lower tube end is reduced to 
2.260" O. D. x 10.525" long, 
held to close tolerance for as- 
sembly in line with body of 
base tube without machining. 
Upper end is reduced to 2.125" 
O. D. x 2.562" long, held on 
center line to extremely close 
decimal dimensions, with two 
perforations at tapered section. 
Michigan workmanship can 
always be depended upon to 
assure the exacting tolerances 
and part uniformity to keep 
customer assembly operations 
moving smoothly. 


Michigan engineers will be 
pleased to work with you on 
an adaptation of welded steel 
tubing to help you make your 
product better at lower cost. 


Consul! us for engineering and 
technical help in the selection of 
tubing best suited to your needs. 


Plus Fabricating of our own tubing Michigan is interested ONLY IN THE 
FABRICATION OF Stainless steel, copper, brass and aluminum tubing. 








EEL TIT m TA aN 


* STEEL Ս BE aaa 


More than 35 Years in the Business 
9450 BUFFALO STREET « DETROIT 12, MICHIGAN 
FACTORIES: DETROIT, MICHIGAN —SHELBY, OHIO 
DISTRIBUTORS: Stee! Soles Corp., Detroit, Chicago, 


— 


Milwevkee, 
—Miller Steel Co., Inc., Hillside, Վ. J.—C. L. Hyland Co., Do yton, Ohio —Dirks & Company, Porflend, Oregon 


— je mes J. Shannon, Milton, Moss.—Service Steel Co., Los Angeles, Calif.—MHMugh Davis, Jr., wo Po. — 
Strong, Carlisle & Hammond Co., Clevelond, Ohio—Globe Supply Co., Denver, Colorodo—W. A. McMichaeels 


Co., Upper Darby, Po.—A. J. Fitzgibbons Co., 


Beaird Co., Inc., Shreveport, Lo 


Buffalo, N. Y.—Morry E. Clark & Co., Houston, Texes—J. 8. 
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New Parts and Materials c 


designed to operate at acce. ra 
voltages above 5,000 volts. d 
Under typical conditions v 
final anode operating at 10,01 
the second anode potential ma 
at 2,000 volts (with the inter: ; 
accelerator anodes being fed :-om B 
series of 25 megohm bleeder se. :\ E 
the focusing anode potential 
between 362 and 695 volts w 
trol grid cutoff between 
90 volts. The deflection 
D,D. are 102 to 154 volts d լ 
D. D, are 84 to 126 volts d« 


UENIT 


Electronic Tu 
1200 E. Mermaid Lane, Philadelphia 


Push Button Flush Latch 


Designated as H-4100, thi 
latch is specially designe d for 
riety of commercial, industrial 
craft, marine, and transportatio 
plications. Its only exposed parts 
the recessed completely flush, « 
trigger button and close button 

Finger-tip pressure opens thc 
As the forward button is dep: 





ւ 


the rear button raises, making a sturd 
grip for opening the door. 

The latch is available in stainl 
steel, cadmium plated cold roll: 
steel, or aluminum alloy, and weighs 
0.7 to 2 ounces, according to the : 
terial. 


Hartwell Co., 9035 Venice 
Los Angeles 34, 


Microsecond Pulse 
Transformer 


The new type PT-1 pulse transfo | 
is a versatile unit for use in the mici i 
second and fractional micros | 
ranges. Compactly built in an 
tube base, it has six sections of wind 4 


NE oen aai 





Latch 


thi 

for 
istrial 
rtatio 
d part $ 


sh, « 


tton 
s the lat 


depres 





1g a sturd 


n stainl 


dd rolle 


nd weigh: 


to the i 


enice 


es 34, 


ansfo 
the n 
ICTOS 
| an 
| Of v 


EMI 


ICE 
ea IR Te 


E nhan Des i s 


New Parts and Materials continued 


ings, of which two pairs are connected 
n series and the other two sections in- 
dividually connected to base pins. It is 
useful in blocking oscillators and other 
pulse circuits. 

Specifications: windings, No. 36 
wire, 50 turns each section; con- 
nections, 1 and 8, 2 and 7, two sec- 
tions in series, 3 and 4, 5 and 6, single 
section; dia. 1.372 in. max; height, 
1.107 in. max; overall height, 1.657 
in. maximum. 


Berkshire Lat 510 Beaver Pond Rd., 
Lincoln, Mass 


Å BLEND OF SPECIAL SOLID WAXES put 
up in stick form for use in certain 
types of metal-working operations is 
said to provide a durable, clean 
lubrication for metal sanding, metal 
sawing, pipe cutting and threading 
drilling, tapping, grinding and flush 
riveting. Lubrication with Stik-Wax, 
is said to extend the life of saws, drills 
ind cutting tools as well as sanding 
and grinding surfaces. Wax lubrica- 
tion also results in a better finish on 
the worked pieces. Burrs are eliminated 
and a smoother finish is possible when 
grinding or sanding metal surfaces. 
S. C. Johnson & Co., Inc., Industrial 
Products Dept., Racine, Wis. 


WEDGELOCK SUPPORTS, a new typc of 
able support and conduit seals, arc 
eing used for supports that allow for 
xtensions, and for horizontal installa- 
tions. The device not only supports the 
ible, but is compound-filled to pre- 
ent water flowing down the cables 
nto the conduit. For outdoor use the 
tting has an aluminum alloy body 
vhich for single-phase circuits is non- 
agnetic. The fitting has a wedge in- 
rt of a laminated phenolic material, 
f high tensile and dielectric strengths. 
The Adalet Mfg. Co., 14300 Lorain 
ie., Cleveland 11, Ohio 
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selected for Quality 
and Dependability 


Products bearing these familiar 


ademarks have all established 
A trademarks have 


նե, "՞ enviable reputations for quality and 


dependability. And to guard product 
reputations, these manufacturers 
continue to specify castings by National 


—one of the Nation's largest founders. 





D*7T*oíT 


QUALITY GEARS 


TUDEBAKER 


—— ens ARRA 


National's unparalleled experience in producing 
malleable, heat-treated malleable, and steel castings 
is at your disposal. Sales offices and engineering facilities 
are located at all five strategically located plants. 


PLANTS LOCATED IN Sharon, Pa., Cleveland 6, Ohio, 
Indianapolis 6, Ind., Melrose Park, Ill., and Chicago 50, III. 


A 16mm technicolor film. Narrated by 
Edwin C. Hill, this 27-minute film tells how 
malleable iron is made . . . tested 

used . . . how its production economy 
ductility, machinability, toughness 

will give you a better finished 

product. Available 

for group showings. 


wen MALLEABLE and STEEL CASTINGS COMPANY = 7 


CLEVELAND 6, OHIO Est. 1868 


249 








the A-B-C 


Electric Resistance 


WELDED 


STEEL 
Le 









34" to 4" O. D. 9 to 22 gauge 


SQUARE-RECTANGULAR 


V2" to 2" 20 gauge, 1" to 2%", 
14, 16, 18 gauge 


Carbon 1010 to 1025 


has uniform strength, weight, duc- 
tility, |. D. and O. D., wall thick- 
ness, machinability, ond weld- 
ability. it can be flanged, expanded, 
tapered, swaged, beaded, upset, 
fiettened, forged, spun closed, 
fivted, and rolled. Available in c 
wide range of sizes, shapes and 
wall thicknesses, prefabricated by 
Michigan or formed and machined 
in your own plant 





Plus Fabricating of our own tubin: 
FABRICATION OF Stainless steel, 
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designed to operate at 
voltages above 5,000 volts. 

Under typical conditions w 
final anode operating at 10,00 
the second anode potential ma 
at 2,000 volts (with the inter 
accelerator anodes being fed 
series of 25 megohm bleeder sec jogs 


the focusing anode potential will be 
heturean 249 and EAR . 


ACCE 


la 





MISS 





FACTORIES: DETROIT, MICHIGAN —SHELBY, OHIO 


DISTRIBUTORS. Stee! Soles Corp. Detroit, Chicago, St. Louis, Milwaukee, indianapolis and Minneapolis 
—Miller Stee! Co., Inc., Hillside, N. J —C. L. Hyland Co., Dayton, Ohio—Dirks & Company, Porflend, Oregon 


— James J. Shannon, Milton, Mass — Service Steel Co., Los Angeles, Calif. —Hugh Davis, 


de, Sewickley, Pa.— 
McMichoels 


Strong, Carlisle & Hammond Co., Cleveland. Ohio—Globe Supply Co., Denver, Colorade—W. A 
Co., Upper Darby. Po. —A. J. Fitzgibbons Co., Buffalo, N. Y.—Herry E. 
Beaird Co., Inc., Shreveport, Lo 


Clark & Co., Houston, Texes—J. 8. 





| ranges. Compactly built in an octal 
tube base, it has six sections of wind- 









New Parts and Materials continued 
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of high tensile and dielectric strengths. 
The Adalet Mfg. Co., 14300 Lorain 
Ave., Cleveland 11, Ohio 


n octal 
f wind- 
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w- MALLEABLE and STÉEL CASTINGS COMPANY ` d A 


1952 


CLEVELAND 6, OHIO Est 


National 


selected for Quality 


d Dependability 


ts bearing these familiar 
trademarks have all established 
le reputations for quality and 
endability. And to guard product 
ions, these manufacturers 

inue to specify castings by National 


X the Nation's largest founders. 
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> in producing 
ted malleable, and steel castings 
nd engineering facilities 


| five strategically located plants. 


ron, Pa., Cleveland 6, Ohio, 
ind Chicago 50, III 


m technicolor film. Narrated by 
C. Hill, this 27-minute film tells how 
ible iron is made . . . tested 

. . how its production economy 

ty, machinability, toughness 

ve you a better finished Հ 
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Roth Research 
Brings Results 
With Rubber 





This Customer 
gave us a 


TOUGH 





Assignment! 
Հ: 


Beardsley & Piper 
Division of 
Pettibone-Mulliken 
Corporation 





Beardsley & Piper's SPEEDMULLER 
prepares the sand mixtures used in 
foundries for molds and cores. 
The sPEEDMULLOR does the job so 
well that it has revolutionized 


the mulling of foundry sands. 


Roth Rubber worked with Beardsley & 
Piper engineers to develop a rubber 
liner for the SPEEDMULLOR that 
provides the most effective mulling 
action and outwears the best 


metal liners. 


What's your rubber problem ? 
Roth can help you, too. 


e Custom Manufacturers of Industrial Rubber 
Products since 1923 


ROTA NUBBERA COMPANY ) 


1856 5. 54th Avenue, Chicago 50 


Name 

Position 

Company 

Address 

Ug o raritas Roo ERO 








MEETINGS 





September 8-10 


NATIONAL STANDARDIZATION CoN 
FERENCE, Sponsored by Amer 
Standards Association—Museum of 
Sciences and Industry, Chicago. 

Sept 8-11 

AMERICAN SOCIETY OF MECHAN| 
CAL ENGINEERS—Fall Mecting, Shera 
ton Hotel, Chicago, Ill. 

September 8-12 

INSTRUMENT SOCIETY OF AMERICA 

-Seventh National Instrument ( 
ference and Exhibit, Cleveland Audi 
torium, Cleveland, Ohio. 

September 9-11 

SOCIETY OF AUTOMOTIVE ENGI 
NEERS — Tractor Meeting. Hotel 
Schroeder, Milwaukee, Wis. 


September 11-14 


PACKAGING MACHINERY MANUFAC- 
TURERS INSTITUTE—Annual Meeting 
The Homestead, Hot Springs, Va. 


September 24-26 


AMERICAN Hor Dip GALVANIZERS 
ASSOCIATION—Semi-Annual Meeting, 
Greenbrier Hotel, White Sulphur 
Springs, West Virginia. 


September 29-October 1 


NATIONAL ELECTRONICS CONFER- 
ENCE—Eighth Annual Conference, 
Sherman Hotel, Chicago, Ill. 


September 30-October 3 


ASSOCIATION OF IRON AND STEE! 
ENGINEERS—Annual Convention and 
Iron and Steel Exposition, Cleveland 
Public Auditorium, Cleveland, Ohio 


October 1-3 


NATIONAL ASSOCIATION OF COR 
ROSION ENGINEERS—South Central 
Region Conference, Jung Hotel, New 
Orleans, La. 


October 10 


NATIONAL NOISE ABATEMENT 
SvMPOSIUM—Armour Research Foun 
dation of Illinois Institute of Tech 
nology, Chicago, Ill. 


October 20-24 


NATIONAL METAL EXPOSITION AN! 
CoNGRESS—Sponsored by the Amer 
can Society ե Metals, Conventio: 
Hall, Philadelphia, Pa. 


October 21-29 

RovAL NETHERLANDS INDUSTRII 
FAiR—Chemical and Food Processin; 
Machinery, Rotterdam, Holland. 
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ա» վ Now... an extremely flexible high-temperature tubing... 


Մ" IRVINGTON Silicone fubber-Coated Fiberglas” 


If you need a flexible insulating tubing that meets Class “H” specifi- 
cations—and particularly if you need it now—look into this new 
Irvington product! 


STEEL With the introduction of Silicone Rubber-Coated Fiberglas Tubing, 

մա | Irvington offers to the electrical industry a product that, like the resin- 

B coated type, meets all NEMA Class *H" requirements. In addition, 
this new tubing has the adventage of extreme flexibility. Its white 


color is a plus wherever appearance is a factor. 
Con- 
ntral AND... Irvington Silicone Rubber-Coated Fiberglas Tubing is avail- 
New f able for immediate delivery! 


Get the full story—just mail the coupon for technical data sheet. 
*T.M. Reg. U. S. Pot. Off. by Owens-Corning Fiberglos Corp. 


)0000000000000000000€9v909€0v9?0?*v0909*v*9179 


Send this convenient coupon now Irvington Varnish & Insulator Co. 


E roin g ton 10 Argyle Terrace, Irvington 11, N. J. 


VARNISH & INSULATOR COMPANY 
Irvington 11, New Jersey 


Plants: Irvington, N. J.; El Monte, Calif.; Hamilton, Ontario, Canada 


Gentlemen: 
Please send me technical data sheet on Irvington 
Silicone Rubber-Coated Fiberglas Insulating Tubing. 


C 
արու... 2ՀԱաաաարտաաաաանաարն ն DEE : 
E e eod aa ono 


For Further Information, Consult pages 92-93 in the 1951-1952 Electronics Buy ers" Guide 
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Product of 
Taylor instrument Companies 
Rochester. New York 


This handsome three-in-one Taylor Remo-Set thermometer 
makes you the weather expert in your neighborhood. The window 
dial indicates the present temperature as well as the highest and 
lowest temperature since last resetting. It is easy to read, highly 
accurate and attractively styled in weatherproof beige plastic case, 
with large ivory numerals and graduations on green dial. The 
reliability of this Taylor instrument is largely dependent upon the 
actuating element of Chace Thermostatic Bimetal. 


A precision wound coil is anchored to a center stud, the present 
temperature pointer being attached to the outer end. Rising and 
falling temperatures cause the pointer to move the high and low 
indicators to the temperature extremes where they are locked in 
position, under hair-spring tension, by a ratchet mechanism. The 
maximum temperature indicators are pneumatically reset to the 
present temperature by a yoke, operated by a rubber diaphragm, 
and connected by a vinylite plastic tubing to a push button indoors. 


Chace Thermostatic Bimetal is manufactured in 29 types, in 
strips, coils, random long lengths and welded or brazed sub- 
assemblies. We also provide specialized tooling necessary to fabri- 
cate bimetal elements to customer designs. Before proceeding with 
your next design, we invite you to consult our Application Engineers, 
recognized authorities on temperature responsive devices—or write 
today for a copy of our new 32-page booklet, “Successful Appli- 
cations of Chace Thermostatic Bimetal,” containing engineering data, 


W. M. CHACE CO. 








Thermostatic Bimetal 


1607 BEARD AVE., DETROIT 9, MICH. 
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Ad Libbing by the Editor 


Now that the two great political Em 
conventions are over, we can go bak տ. 
to swimming, golf, sweating and swat. 
ting mosquitos. And of course we have B du 


time for reminiscing about the great- wo 
est quadrennial shows on earth, the E 
two great political conventions for ne 
the nomination of candidates for the m 
presidential election. se 
For many years I have been gripi: 
and crabbing because scientists and cic 
engineers have never produced an in fo 


vention that contributes to putting the 
politician on the spot where he | 
longs. It is not that I hate politicians le 
But those boys have been "gettin; ti 
away with murder.” 

Speeches painstakingly written by 
ghosts, edited by stooges and signed 
by the candidate have made candidates t 
for office seem like something that B 2 
what ain't. The public with nothing 
else to go on, must accept or reject th: í 
written word as it reads and sounds i 
But now it is all different. Television, | 
even with all the faking that accom 
panies it, shows the man as he is | 
Since the two circuses in Chicago many 
a hitherto party big-wig has fallen 
mightily in public esteem. 

Public opinion created by speech 
and action heard and seen on televi 
sion will force many changes in the 
presidential convention procedures and 
the behavior of candidates. Hired pro 
fessional talent, like the paid mourn 
ers at a heathen funeral, will be out 
The circus performance wherein both 
amateur and professional talent goes 
off on a binge of supposedly soul stir 
ring histrionics and cheese cake is not 
compatible with the purposes of a con 
vention to nominate a president of th 
U. S. A. Ill mannered behavior 
and arrogance on the part of individ 
uals who consider themselves great po 
litical leaders topples them off their 
throne when the all-revealing televi 
sion camera exposes them to publi. 
view. Television is science's greatest 
contribution to better government be 
cause it presents candidates and offic 
holders more revealingly. 





Research for Rescue or Ruin 


In a recent speech Mr. Herbert ; 
Hoover, whom I greatly admire, said 1 
in effect that the only hope of getting 
out of the present economic predica 
ment was technological advancement 
If science and engineering could 
quickly produce many new amazing 
machines and processes that would 


-a Adaa odii o 
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continued e 


increase productivity it might THAT N EVER VÀ R | 3 5 


ssible for the U. S. to produce 
nough to satisfy the insatiable 


‘cured goods, A EEN T 7/07 SPRAY 


; the basis of Mr. Hoover's state- 
many more politicians might get 
lea that the federal government 
| go even more all out for in- 
justrial research and thereby save the 
Id. The fact is that the U. S. Fed- 
Government is already spending 
than half the total amount of 
money spent in the U. S. A. for re- 
search. And thereby hangs a tale. 
With 22 separate government agen- | 
s spending 1.6 billion dollars a year | 
for research work that is spread am 
500 industrial organizations, many 
he | government laboratories and 500 col- 
iticia: leges, it is a safe bet that a goodly por- 
‘getting tion of the money spent is wasted. 


The Unpayable Payoff 





ten 

signed Ihe greatest national loss created by | 
the mad scramble of our politicians to | 
get control of scientific research is its | 
effect upon our universities. The basic | 
reason for the existence of a university | 
is to serve as an institution for learn- 
ing. Over the past decades colleges | 
and universities have been getting fur- 
ther and further away from this con- 
cept. Forced by increased operating 
costs, lower income from endowments 
and war-time demands, colleges and 
universities have been looking more 
and more to government v n in 
various forms in order to be able to 
balance their budgets. 

Today the very atmosphere on many 
a college campus has changed from the 

iir of an institution of learning to th 
buzzing of a research factory. What 
was once in the forefront of engineer- | 
ing schools is now the greatest rc- | B 
search mill in the world with more | 
than $10,000,000 in government re- NU j 
search contracts. Where once the | NO VARIABLES ALLOWED in finishing aircraft 
product was engineers today it is r: | for the Navy! That's why Douglas Aircraft employs 
search reports and commercial achievc- the Arco Hot Spray System, which gives constant 
ments. Relatively fewer professors arc 
teaching, many morc of the institute's 
employees are technicians and mo ay i a 
chanics and the headlines of the annual | unit gives maximum flow-out at all times... minimizes 






viscosity regardless of hour-to-hour fluctuations in 
humidity and room temperatures. The Arco Control-Temp* 


report relate more to turnover of re- such causes for rejects as orange peel and excess 
search dollars. Teaching has become | blushing. And Douglas reaps an extra 
less than a by-product. Even | dividend in sovings up to. 50% in finishing time. 
asic research to increase the fund | 
knowledge is side tracked in favor of | 
he glamour and profit of applied r« 
ch. 
It will be many decades before this 
rversion of our institutions of higher 
learning reveals its effects but then it 


*Patent applied fer 


ARC ՕՕ) Paints, Lacquers 
CUPAINTS ERE 
PAINTS «ERE 


foo SINCE 1861 








ll be too late to rectify the error. 
will then be just another setting of 
sun of Tyre. Acre and Sidon. 


G.F.N. THE ARCO COMPANY, CLEVELAND 27, OHIO 


ARCO COMPANY OF CALIF. LTD... LOS ANGELES I, CALIF 


A subsidiary of American-Marietta Company 
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“THE 
LIGHTWEIGHT 
CHAMPIONS” 


ELECTA 


FULL POWER IN HALF THE WEIGHT 





ELECTRA, a newcomer only 5 years ago, 
has successfully defended its title against 


tough competition. Its steady growth—a mat- DISTINCTIVE 
ter of record — is proof that ELECTRA wins on 
the buyer's decision wherever genuine qual- ELECTRA-MOTORS 
ity, dependable performance and long life streamlined design is 
combined with light weight are required. abreast of modern 
That's why ELECTRA-MOTORS and ELECTRA- trends. Their 
GEARMOTORS have frames of heat-treated heat-treated alloy 
alloy aluminum—stronger and better than aluminum frames 
ordinary castings—lighter than iron and steel. can be polished, 

if desired. 


DESIGN — The men who build ELECTRA- 
MOTORS have had years of experience in 
motor production plus a demonstrated abil- 
ity to design units to meet special require- 
ments and unusual applications. As a result, 
ELECTRA offers many exclusive advantages 
in 7 basic types of motors and gearmotors, : լ 
from '4 HP through 5 HP, speeds from 1 end c D t 
rpm up. Special problems get special atten- 
tion...promptly. 


WRITE FOR ENGINEERING 
DATA on ELECTRA-MOTORS 


or tell us your requirements 


recommendations. 


Sood ELECTRA MOTORS, INC. MG 


ANAHEIM, CALIFORNIA 





and ELECTRA-GEARMOTORS, 





ENGINEERING 


ABSTRACTS 





Induction Brazing 
and Soldering 


Abstracted from “Production Brazing and 
Soldering by High Frequency Methods,” 
Mechanical World, July 1952, London, 
England, by Frank Spicer, Metal Finishing 
Consultant. 

WHEN A MATERIAL capable of con 
ducting an electric current is placed 
within an alternating magnetic field 
eddy currents are induced in it, the dis 
sipation of which in the conducting 
material produces heat which raises th: 
temperature of the material. Currents 
may be induced by available equip 
ment at frequencies varying from 200 
to several million cycles per second 

The effectiveness of the transforma 
tion depends upon the space between 
the coil used to produce the magnet 
field, and the workpiece, and the ele 
trical resistance of the work being 
heated. 

Alternating currents tend to flow 
along the surface of a conductor, and 
the higher the frequency the more con 
centrated they are at the surface. Thus 
the resistance of the load becomes 
greater as the freqency is increased. 

High frequency heating can be de- 
rived from the following sources: 

(a) Motor generator sets operating 
at a single frequency chosen from th 
range 200 to 15,000 cycles per second 

(b) Spark gap oscillators operating 
in the region of 300,000 cycles per 
second, 

(c) Valve generators which can o^- 
erate up to 10,000,000 cycles per s« 
and in some instances even higher. 

The induction heat is focused upon 
the joint to be brazed or soldered by a 
work coil of tubular copper which is 
water cooled (it is known as the in- 
ductor). It heats the thin zone of 
metal so quickly that a braging alloy 
flows smoothly into the joints beforc 
the remainder of the part can becom« 
overheated. This results in a good 
joint, few rejects, and a low heating 
cost. 

The copper coil or inductor is con 
nected to the output side of the gen 
erator, and the component to be heated 
is placed within the coil, but not in 
contact with it, so that heating occur 
only in the area immediately adiacent 
to the coil. Therefore it is possible to 
obtain local heating by the choice of a 
suitable coil. 

Correct design of the inductor coil 
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MUELLER BRASS CO. 


ALUMINUM FORGINGS 


Plenty of Strength, q 
asy to Finish and | 
| 


what a Saving in Weight 


Where weight is a factor, particularly in moving assemblies, Mueller Brass Co 


forged aluminum parts often can improve the performance of your products, because 
they possess approximately the same strength as steel but are only !5 the weight 

Mueller Brass Co. aluminum forgings are ideal for high speed rotating or oscillating 
machines because they reduce vibration and bearing loads and thus cause less 

wear on other parts. They are strongest at the points of greatest stress because their 
grain structure, during the forging operation, can be controlled. These forgings 

can be produced in relatively complicated shapes to tolerances closer than sand 
castings. The smooth, bright surfaces eliminate costly finishing and save machining 

time. The Mueller Brass Co. can supply aluminum forgings to your specifications in 

any of the standard or special alloys 


Write us today for complete information. 


Typical forged aluminum parts produced by Mueller Brass Co 


for some of the nation’s leading aircraft manufacturers. 


MUELLER BRASS CO. 


PORT HURON 16, MICHIGAN 
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Engineering Abstracts. ....... . continued 


is important and due to the var ous 

shapes that have to be brazed or 

soldered no set rule can be laid down 

The true guide is experience. 

It is not always easy to design coils 
to follow the exact contours of the job 
being heated, but alteration of the 

| frequency will often produce the suit 
| able results desired. 

The coil shapes that can be used ar 
| infinite and some ingenious designs 
have been produced. 

In making the coil the aim is to ob 
tain as many turns as possible within 
a given area of work. The coil may b 
flattened or of round or square section 
and after forming there must be no 
contact between the layers of the coil 
In small coils the stiffness of the tub 
will be enough to maintain an ade 
quate air gap between turns; if r 
insulators of Paxolin, mica or similar 
substances may be used. Before sha; 
ing, the tubing should be annealed to 
| soften it, then roughly formed, an 

nealed again, and then finished upon a 

former. It is also advisable to mak 
| the connecting leads as short as pos 

sible. 

Fixtures tor holding parts and 
ductors are specially designed to 
wide variety of work. 























ավա: Seri ihe. à լ 
Variations in ո: there are Seven Care should be taken in designing 
Բ " 1 e 6 ի : 
four types of Գաթա Ր". And a joint to be silver soldered or brazed 


n input ends 


3 The strength of the joint depends 
choice of: > you haye your : 


upon the area of the film of brazing 
` Direct Mounting. material in sound contact with the 
- Independe ioined parts. After soldering, these 
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3. Clutch ty 9unting. joints can be used at temperatures up 


Pe converter, 
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converter. AKING FEATURE bond strength takes place. Some typi 
There are cal ioints are shown in Fig. 1 
աք othe : A mg. 1. 

‘nations, too, for dndardized com, Alloys containing silver used fo: 

industrial engine Վ Standardized brazing possess several outstanding 
converter is desirable. a torque features. Some of these are: 


1. Low melting point, which offers 
quicker joining without overheating 
2. High strength and ductility. 
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eG 4G 4) 
TWIN DISC CLUTCH COMPANY, Racine, Wisconsin - HYDRAULIC DIVISION, Rockford, Illinois 


BRANCHES: CLEVELAND + DALLAS + DETROIT - LOS ANGELES +» NEWARK -+ NEW ORLEANS + SEATTLE + TULSA 





FIG. 1—Good joints, require care in their 
design. The methods depicted here have 
| all been used successfully. 
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G ITS Bros. covers the entire range of lubricat- 
ing devices: Oil Hole Covers, Oil Cups, Grease Cups, 
Bottle Oilers, Gauges. Gravity-Feed, Wick-Feed, 
Constant Level, Vibrating Rod styles. Threaded or 
Drive-type. Elbow or Straight. 


I/S Bros. offers the most complete selection 
of standard styles. 


IES consistent quality in design, materials 
and machining has made Gits Lubricating Devices the 
standard for industry for more than 40 years. 


GITS Lubricating Devices are far-famed for 
solving tough oiling problems at low cost. 


G IT’S Bros. Engineering Staff—true specialists 
in lubrication engineering — is at your disposal. 


Write today for free illustrated Price Guide Catalog. Use it 
as your handy reference for lubricating devices. 


G1Ts BROS.MFG. Co. 


1838 5. KILBOURN AVE. * CHICAGO 23, ILL. 
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in the nose of a 
guided missile ... 


A sturdy 
protective casting 
for a radar 
screen box... 


A % ton 
pump housing... 


Or any really 
tough one... 
(convert to aluminum 
or magnesium) 


Now’s the time! 


ՀՎ Է THE sos T° 


agnosium FOUNDRIES, INC. 


BELLEVILLE * ILLINOIS 


GENERAL 


WHEN YOU NEED... 


A delicate “brain” 


FIG. 2—Brazing metal in the form oí 
wire, sheet, etc., is readily formed or -ut 
into shapes which fit readily into the as 
sembly of parts to be joined. 


4. Ease in making strong joints 
tween dissimilar metals. 

The content of the silver may van 
from 5 to 80 percent and choice 
pends upon the job to be done. 1 
following factors must be taken 
consideration: 

(a) Flow temperature 

(b) Properties of mctals to 
joined. 

(c) Color match 

(d) Corrosion resistance 

(e) Ductility required, etc. 

Silver alloys are used to braze stain 
less steels, copper alloys and such dis 
similar metals as_nickel-silver, 
stainless steel. 

The satisfactory use of the alloys 
depends on how they wet the surfa 
of the joint and form a bond of satis 
factory strength, and yet be of min 
mum thickness and devoid of gas holes 
| and flux inclusions. It is interesting to 
note that a thickness of 0.002 in 
possesses a tensile strength in the re- 
| gion of 140,000 psi while one of 
| 0.020 in. possesses only 60,000 psi 
| therefore it is advisable to keep th 
fit of components to be joined as clos 
as possible. 

The alloys are made in various 
forms such as wire, shapes, rods, 
sheets, powder, strip, etc. The usual 
| method is to purchase the required 








gage of metal, Fig. 2, and form it to 
the desired shape for the job. This is 
easily accomplished 

The requisites to a good soldered 
joint, other conditions such as correct 
material temperature, joint design, ct 
being to standard, is a good flux. A 
flux possessing the following should 

| be avoided: 

(a) High surface tension which re- 
sists flow over surface. 

(b) Poor penetration of joints 

(c) Non-cleaning properties 

A flux should be capable of wetting 
the surface to be brazed and should Ի 
chemically inert to the mating metals 

| to prevent oxidation of the joint an 

to render fusible the oxides of higher 
melting point than the metals then 
selves. 

Cleanliness is the watchword in al! 
metal joining operations and pre-clean 
ing treatment must be carefully chose: 
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Consolidated Engineering 


CORPORATION III) 
300 North Sierra Madre Villa, Pasadena 15, California PRRs 


Sales and Service through CEC INSTRUMENTS, INC. OEC 
| subsidiary with offices in: Pasadena, New York, Chicago, ենի industry 
Washington, D. C., Philadelphia, Dayton. 
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DouGLas, Long Beach Division, engineers 
used CEC Dynamic Recording Equipment 
to test the new “Single-Point Fueling” 
system for the C-124 Globemaster. The 
12 fuel tanks, 6 in each wing, hold ap- 
proximately 11,000 gallons—equal to a 
full tank car. Fueling normally requires 4 
to 5 hours. The new system cuts this time 
to 18 minutes by pumping through a single 
entry at 600 gpm, filling all 12 tanks at 
once. 

By using three CEC 5-114 Recording 
Oscillographs and five sets of System "D" 
amplification (shown at left), Douglas was 
able to simultaneously record all tank in- 
let pressures, tank internal pressures, 
manifold pressures, tank shut-off time, 
pressure drop through the main inlet noz- 
zle, and the fuel level in each tank. In all, 
the findings of 29 pressure pickups and 12 
capacitance fuel gages were recorded. 


Dynamic Recording Systems 


such as the one shown here are designed and manufactured 
by Consolidated. Variations in the arrangement of the 
equipment are infinite. Applications are widely varied 
throughout industry and the sciences. A typical recording 
system includes pickups, amplifiers or bridge balances, and 
a recording oscillograph. Write for Bulletin CEC 1500B 
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30 DAY DELIVERY 


O-M CYLINDERS 


AIR HYDRAULIC WATER 
MORE POWER in less space 


a LESS COST 


O-M is All Cylinder—pack- 
ing more power per square 
inch than any other type! 
No tie rods or bulky end 
caps, saves 4 in installa- 
tion space. In full range of 
sizes from 11” to 8” bores. 
All machined steel with 
bearing bronze. Parts and 
mounting brackets fully in- 
terchangeable. Special de- 
sign standard parts appli- 
cable to almost all “custom” 
installations. 


| 
` 

- 

4 


«- 












FREE ` 

TEMPLATES 
Complete set 
shows all cylin- 
ders and mount 
ing brackets. ' 
or '4 scale 


FREE 

HEW CATALOG 

28, diagram- 
pocked poges of 
specifications, 
ports listing and 
other information. 

-------ծ-ծ-- 


յ 
IORTMAN-MILLER MACHINE CO. 


| 1218 150th St., Hammond, Indiana 


| 

| 

At no cost or obligation | 
] Send me your new, complete catalog | 
[) Send me a complete set of '; scale templates | 
(] Send me a complete set of ', scale templates | 
| 
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Engineering Abstracts... . ; continued 
and controlled. Where only a light 
film of oil exists, degreasing in hy- 
drocarbon solvents usually suffices, but 
where scale or oxide exists, mechanical 
cleaning by abrasives or shot-blasting 
or by pickling in acid, must be carried 
out. 

Silver brazing or soldering must 
therefore follow these requisites: 

1. Correct design of joints and 


| cleanliness. 


. Clean surface. 

. Suitable filling or brazing alloy. 
. Correct fixtures for assembly. 

. Correct fluxing. 

5. Correct heating and flowing of 
the filling alloy. 

Cleaning after joining 


NU bw N 


Conclusion 


The main savings of induction heat- 
ing are apparent. We have a good 
product in a short time and with un- 
skilled labor, therefore efficiency is 
high and loss of heat is only due to 
radiation from the components and 
then only for a short time. Power is 
only used when and where it is neces- 
sary once the generator is in operation 
or the valves warm. 

Unskilled labor can be used once the 
method of soldering has been deter- 
mined. This is brought about by the 
use of special timing devices and au- 
tomatic feeds. The absence of dirt and 
the elimination of fire hazard improves 
working conditions. The apparatus 
can be introduced into any part of a 
production line, thus enabling parts 
to be heated "on the spot.” 

Uniformity of the product is assured 
once conditions have been ascertained. 
and the speed of heating is particularly 
helpful where large-scale production 


| is desired 


Electro-Machining Method 


Abstracted from "Another Electró-Machin- 
ing Method Shows Promise," Tbe Iron 
Age, May 29, 1952, Chilton Publishing 
Co., 10 E. & 42nd St., N. Y. 17, N. Y., 
by I. Weber, Chemist, Pitman-Dunn 
Laboratories Dept. Frankford, Arsenal. 
ELECTRO-EROSIVE METHODS for ma- 
chining carbides and hard metals can 
be used for cutting, grinding, boring, 
shaping, and tapping. Research on 
elector-crosive cutting and grinding is 
being done at Army Ordnance’s Frank- 
ford Arsenal. Primary importance of 
the method is the fact that unlike me- 
chanical processes, cutting and grind- 
ing rates are not affected by the hard- 
ness of the material being machined. 
So industrial diamonds are not needed. 
Unlike electro-mechanical machin- 
ing methods, the electrolytic and elec- 
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20,000 Experts 
Admire the Finish 
AND the Tanks! 





Educational Exhibit shows advantages of 


LUSTER-ON 


PLA-TANK 


All over 
Exposition at Chicago, the two big 
words were LUSTER-ON and PLA- 


the Industrial Finishing 


TANK. In the Electroplaters’ In- 
stitute demonstration shown above 
a complete zinc barrel-plating line 
turned out these license plate nuts 
and bolts by the thousand — all 
brilliantly finished with long-lasting, 
corrosion-resisting LUSTER-ON dip. 

LUSTER-ON is the original passi- 
vating bright dip introduced in 1944 
by The Chemical Corporation. Since 
then it has been adopted by many of 
the leading industries of the country 
on such items as auto parts, aircraft 
parts, hardware items, wire goods, 
television components, electrical parts, 
tools, etc. Every day former users of 
nickel and cadmium are converting 
to this passivating bright dip. 

Naturally the tanks, hoods and 
duct work were all PLA-TANK 
Resin-Bonded Fiberglas®, the amazing 
new reinforced plastic material which 
resists most plating solutions, acids, 
dips and rinses. PLA-TANK is the 
pioneer in this field, designed and 
built by metal finishing men for metal 
finishing use. 


Send for free data sheets on 
Luster-On and Pla-Tank and 
set of license plate bolts shown. 











nd, tests 4" cast iron water pipe. Operates 
600 times a day. Says Warren Pipe Company's 
plant engineer ... “Rockwood Cast Steel Valve 
is definitely superior to any other . 7 


Tested by . 
n - , Ւ 
[je in ter | ո: ; On High Seas, in discharge manifolds, Rockwood 
: Inc : v E n Ball Valves perform perfectly under hazards of 
. » | À ’ é salt water, fish scales, wood splinters and dirt. 
“Outwear and outperform all valves previously 
used," says Hub Machine Company. 


EARTH, WATER 
OR FIERY-FURNACE... 


Rockwood Ball Valves 
outperform around all three! 


, ! 7 ի At Annealing Furnace of Revere Copper and Brass, 
Sure they’re tough! Rockwood Ball Valves are made that way. In ine,, Recbened Beli Valves aso usi jor quenching 
industry after industry under the most gruelling of conditions they do 60 times a day under 100 p.s.i. “They last four times 


longer than others," says user. 
what they're supposed to do: 


(1) Give leak-proof service . . . (2) maintain a full round flow . . . (3) open and 
close quick and sure. They are so engineered that they stand up to the job 
without maintenance and for long life. They push up profits because they 
cut costs. 


ROCKWOOD SPRINKLER 
The industries which benefit by their superior performance include ազո — 
chemical, food, paper, textile, petroleum and others. Come in all pipe sizes Worcester 5, Mass. 


from !4" to 4" for 300 p.s.i. working pressure. Send coupon. Please send me without obligation your 
comprehensive booklet describing Rock- 
wood Ball Valves. 


Name 


ROCKWOOD FULL-FLOW BALL VALVES T 


Street 
City 
Zone 
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REDUCE ASSEMBLY TIME 


Workmen gain time assembling with 
Pheoll screws, bolts, and nuts because 
they are accurately threaded, drive 
easily, seat rapidly, grip tighter—as- 


suring stronger assemblies, easier in- 
spection and less rejects. 


ASK ABOUT 
Machine Bolts 
zb Screws . 
Crews t ` Thum Շ 
Stove Bolts i 5 


v ——— $$ J 
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tro-arcing processes have a cutting tool 
and workpiece surrounded by an cl:c- 


trolyte rather than a dielectric fluid. | 


The carbide is connected in a d-c cir- 
cuit as the anode, and a rotating metal 
disk acts as a cathode. Both cutting 
and grinding may be achieved, de- 
pending on whether the carbide is held 


against the edge or the side of the | 


disk. In this article the results of re- 
search on cutting are reported. 

The Frankford Arsenal test appara- 
tus has a mild steel cutting wheel con- 


nected to the negative post of a rcc- | 


tifier, through the shaft of the motor, 
by means of a commutator and brush 
arrangement. A work clamp is at- 
tached to a lever arrangement which is 
completely insulated from the motor 
by a block of plastic. 
is controlled by a sliding weight on 
the lever arm. Rectifier output is a 
maximum of 120 amp at 30 v, d-c. 
The work and lower portion of the 
cutting wheel are submerged in elec- 


trolyte contained in a plastic trough. | 


A plastic shield over the wheel pre- 
vents splashing. 

In a new model being built the elec- 
trolyte will be sprayed over the work 
by means of a pump and nozzle ar- 
rangement. The work will be clamped 
in a universal vise, and pressure and 
direction of feed will be controlled by 
a movable table. 

Because of a scarcity of carbide 
blanks of suitable dimensions, mild 
steel, 23 Rc, was used for most of 
these tests. Results were frequently 
checked with carbide-tipped tools. 

One of the first tests performed 
showed that pressure on the work has 
no effect on cutting time. Practical 
considerations of vibration required a 
certain minimum pressure, and too 
much pressure jammed the annaratus. 
But within this wide range, high pres- 
sure was not required to get good c 
ting time. 


Sodium Silicate Best Electrolyte 


A number of electrolytes and 
quenching fluids were tested to find 
the fluid which gave lowest cutting 
time. Sodium phosphate, sodium bo- 
rate, sodium aluminate, sodium molyb- 
date, sodium citrate, sodium oleate, 
and sodium hydroxide were tested. 
Two non-electrolytes, water and lubri- 
cating oil, were included for compari- 
son. 

Test results in Fig. 2 show that cut- 
ting time decreases as current in- 
creases. The curve approaches a level 
eventually, so that for practical pur- 
poses and economy there is an opti- 


| mum current beyond which there is 


| 


little point in increasing current. 
In Frankford test results, shown in 
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GAST rotary 






air compressors 


ATOMIZE FUEL 
OIL UNIFORMLY 


for "Powermaster" 
Steam Generators 









Left — Gast Mode! 
2065 used on 100 
H.P. unit. 


PROBLEM: Select a compressor to 
supply uniform, pulseless air volume 
for atomizing fuel oil in the combus- 
tion chamber of Orr & Sembower 
“Powermaster” Boilers. 


SOLUTION: Three sizes of Gast Ro- 
tary Air Compressors proved excel 
lent for boilers of 50, 100 and 150 
H.P. Gast Rotary Vane Design deliv- 
ers positive, pulseless pressures from 
18 to 22 psi and displacements to 22 
cfm — without a bulky pressure tank. 


RESULT: Positive air volume pulver- 
izes every droplet of fuel oil. Long, 
trouble-free performance results from 
ball-bearing compressors with auto- 
matic lubricator, intake filter, cooling 
fins and fans. 


ONCE AGAIN you can see how Gast 
Rotaries — plus concentrated experi- 
ence with air power, low vacuum and 
pressure — helped solve a specific 
problem. Have you considered the 
advantages of Gast Rotaries on your 
product? Write us, outlining your 
problem — you'll receive prompt co- 
operation. “Air may be your Answer!" 

Gast Application Ideas 

Booklet — showing 26 


design problems solved 
— sent upon request. 
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ture or any one of a thousand industrial tasks. Specify a Ford trial Power Units which make light of this task. 
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AC MAGNETIC STARTERS 


The R-B-M melamine arc chamber extinguishes 


the arc of loads far in excess of maximum ratings, 


without impairing the accessibility of the stationary 
and movable contact assemblies. 


A quick glance immediately shows 
which overload has tripped. 


R-B-M puts more usable contact material at the center of 
arcing to provide greater wear before replacement. 


Magnet and coil assembly, as well as stationary and movable 


contacts, can be removed independently of other 


components by using only a screwdriver and without 
disconnecting external wiring. 


Write Dept. C-9 for Bulletin 605 
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Time (sec) 


Օօ 20 40 60 80 
Current (amps) 


FIG. 1—Plot shows how cutting time de- 
creases with increasing current flow. Curve 
tends to level out to point where current 
increases yield little time gain. 


o 20 amp current 
a 80 amp currert 


Cutting Time (sec) 








66 52 98 264 550 356 

Wheel Peripheral Speed (ft/sec) 
FIG. 2—At two different amperages, cut- 
ting time decreases as wheel peripheral 


speed increases, though the amperage 
obviously affects the process. 


Fig. 3, cutting time decreased as wheel 
peripheral speed increased, at any 
value of current. Russian investiga 
tors have claimed that cutting time in 
creases as peripheral speed increases 
The Russians were working in a speed 
range of from 30 to 195 fps, whil 

Frankford speeds ranged from 10 to 
39 fps. Frankford intends to invest 

gate at higher speeds. 

In early tests, wheels were machined 
on a lathe to a definite thickness and 
diameter, and were generally shaped 
to a flat-edge rim. It was found that 
as a wheel was used, the first 12 to 1‘ 
cuts took a fairly long time. Con 
tinued use of a wheel usually resulte: 
in a sudden decrease in cuttime time to 
a stabilized reproducible value. Visus! 
examination showed that a bevel wa 
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FIG. 3—Thinner wheels cut faster. The 
cost of making wheels as thin as 0.02 in. 
is high. But reduced cutting time justifies 
this. Wheels could be thinner. 


produced on the wheel rim in use. 
Therefore a wheel was prepared with a 
machined bevel. With this, cutting 
time for the first few cuts was lower 
than before, and stabilization occurred 
after about 5 cuts. 


Hardness Doesn’t Affect Cutting 
Time 


Table I gives the results of tests of 
the influence of hardness on cutting 
time. The cutting times, averaging 69 
sec, showed normal dispersion, leading 
to the conclusion that hardness has no 
effect on cutting time. These tests 
were made on carbon tool steel. Simi- 
lar tests were made on cobalt steel of 
65 Rc hardness, with an average 
cutting time of 31 seconds. The differ- 
ence between the two averages is be- 
lieved by Russian investigators to fol- 
low the rule that resistance to cutting 
decreases as the atomic weight of the 
element increases. Insufficient tests 
have been conducted at Frankford to 
support or refute this. 

When wheels with thicknesses of 
0.02, 0.03, 0.04, and 0.05 in. were 
tested, it was plain that cutting time 
was much lower with thinner wheels, 


Hardness Influence on Cutting Time 
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Arkwright Tracing Cloths ate-made to help 
you do your best work more easily. 
Arkwright cloth saves time. There’s never 

a pinhole, uneven yarn or other imperfection 
to slow you down. 

Arkwright cloth saves trouble. You can 
draw over erasures time and again and not 
have an ink line "feather". 

Arkwright cloth saves money. If needed, 
you can get clean, ghost-free reproduction 
from a drawing years after you make 
it—years after paper or inferior cloth would 
have turned brittle and opaque with age. 
Wouldn't you like to see for yourself 

why Arkwright Tracing Cloth is best? 
Write for samples to Arkwright Finishing 
Co., Industrial Trust Bldg., Providence, R. I 


ARKWRIGHT 
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OxS BEARINGS 


NON-METALLIC ° SELF LUBRICATING 


FOR TANKS...TRUCKS...TRACTORS... 
OR YOUR APPLICATIONS! 
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« 
I 
4 


Since 1913 O & S has 
manufactured self-lubri- 
cated bearings and bush- 
ings. The components of 
these lubricant impreg- 
nated bearings are-an 
especially woven fabric 
combined with a mini- 
mum of critical metal. 
Are these self-lubricating bear- 
ings the answer to your problem? 
Write today for Bulletin 151. 


O&S BEARING CO. 


303 SOUTH LIVERNOIS * DETROIT 17, MICHIGAN 
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Engineering Abstracts... . -contin 
as Fig. 4 shows. Loss in wheel dia: 
ter, for the same number of cuts, s 
less with the thinnest wheel than w 
the others. The thin wheels are « 
ficult to prepare, but are practical fri 
the standpoint of decreased «սէ 
time, low rate of diameter loss, : 
more economical power consumpti 
Wheels thinner than 0.02 in. would 
be desirable, but impractical. 

The process described is primar 
intended for high speed shaping 
hard metals and carbides, and doss r 
produce a good surface finish. In g 
eral, the higher the speed of cutt 
the rougher the surface. The usual 
machine shop procedure of grinding 
or lapping machined parts to the d 
sired surface finish may be practic 
after electroarc cutting. In additio: 
tentative and exploratory experiments 
in electrolytic grinding indicate that 
is possible to obtain surface finishes 
that are smoother than finishes ob. 
tained by usual mechanical methods 


An Arc Cutting Process 


It has been concluded at Frankford 
that the process is predominantly an 
arc cutting process. If a gap is main 
tained between the rotating wheel and 
the workpiece, the only phenomenon 
occurring is electrochemical, with a d 
position of a silicate film over the 
anodic workpiece. There is no pos 
sibility for self-initiated sparkover 
since the voltages seldom exceed 20 
volts. In actual practice, a gap b 
tween the electrodes is constantly be 
ing opened and closed as a result oí 
natural vibration. At the moment the 
two electrodes separate, an arc is ini 
tiated. It is maintained until quenched 
either by too large a gap distance or 
by the sodium silicate solution. Th 
arc is of relatively long duration as 
compared to a spark, and because th: 
arc has a higher integral temperaturc, 
erosion of the anode is predominantly 
a thermal effect. 

The deposited dielectric silicate filn 
is very effective in directing the forces 
of arc erosion toward the bottom of 
the cut. The coating stays on the 
sides, but is removed from the botton 
of the cut by wheel contact. Other 
electrolytes may be used, but silicate is 
most effective. 


Welding 17 Cr Stainless 


Abstracted from “17 Cr Stainless Replaces 
18-8 in many Weldments,” The Iron Age 
June 26, 1952, Chilton Publishing Co., by 
G. E. Linnert. 


MANUFACTURERS faced with the prob- 
lem of finding a substitute corrosion 
resisting material for the copper and 
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THIS... 


A quarter of a century’s experience 
gained in making billions of metal 
powder parts, plus our thorough 
knowledge of our business, adds up 
to real and tangible benefits for our 
customers. 


The result of our experience and knowl- 

edge is a constantly widening choice of ma- 

terials and applications. The results of our 

research are techniques that produce closer 

tolerances, improved physical properties and 
more complicated designs. 


It all adds up to the fact that metal powder parts 
made by Moraine do more and better jobs each 
year . . . that they are produced faster and at 
lower »cost. 


qui Afoace. 
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IF SHOCK IS YOUR PROBLEM 
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aluato SHOCK TESTS 
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DESIGNING FOR 
SHOCK RESISTANCE ! 3 






ENGINEERING REPORTS 


"Designing for Shock Resistance" sets forth the principles 
used by the Navy Department in design of shock-proof 
equipment for shipboard applications. Published in “Ma- 
chine Design” Dec. 1950 — Jan. 1951. 


"Shock Testing of Airborne Electronic Equipment" describes 
the characteristics of shock and tells how shock testing 
machines are used. A paper presented at the Dayton Air- 
borne Electronics Conference, 1951; later reprinted in 
“Tele-Tech”. 


"How to Evaluate Shock Tests" tells how mechanical struc- 
tures respond to shock and shows how such respohse can 
be evaluated under controlled test conditions. Originally 
published in “Machine Design” December 1951. 


These Barry reports are part of the complete service we offer 
in handling shock and vibration problems. When you have an 
isolation problem, call the nearest Barry representative, or 
ask our field engineering service to help you. 






730 PLEASANT ST., WATERTOWN 72, MASSACHUSETTS 
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nickel containing metals now in si 
supply have singled out 17 x 
chromium stainless steel (AISI t pe 
130) as the most promising. How: 
the properties ot type 430 stain s: 
steel differ sufficiently from those oí 
more familiar grades of austenitic 15-8 
stainless steel, to warrant a close stud) 
before attempting to use the material 
in a given application. The weldio 
characteristics and properties of 17 pet 
Cr steels require perhaps the greatest 
amount of consideration because w« 
ing is often the principal method of 
assembly. 

When seeking an alternate for 15.5 
stainless steel in a particular applica 
tion, the lower chromium steels lik: 
type 410 with 12 pct Cr probably will 
not offer sufficient corrosion resistance, 
Should 12 Cr material be found en- 
tirely satisfactory, then the previous 
use of 18-8 was a case of over-grading 
Type 410 is classed as a martensitic 
grade, which signifies that the ma- 
terial is hardenable. Its hardenability 
is high enough to present a problem 
in welding where the base metal heat 
affected zones become hardened and 
consequently suffer loss of ductility 
While this problem can be minimizcd 
by restricting the carbon content to a 
low level or by use of the aluminum 
containing type 405, the corrosion r 
sistance of 12 Cr steels is usually th 
factor which limits their application. 

The higher chromium stainless 
steels like 442 (21 pct Cr) and typ 
446 (27 pct Cr) are classed as ferriti 
steels and have somewhat better cor 
rosion resistance than the type 430 
steel containing 17 pct Cr. However, 
no simple relationship exists between 
chromium content and corrosion re 
sistance, and it cannot be assumed that 
the resistance of these materials wil! 
be commensurate with their chromium 
content. 

The majority of type 430 steel is 
manufactured with a chromium con 
tent in the range of 16 to 18 pet and 
a low carbon content to produce a 
steel which is essentially ferritic. If 
this material is heated within or above 
the critical range (lower temperature 
approximately 1.600 F) and cooled, 
for example, as occurs in the narrow 
heat-affected zones adjacent to a weld, 
the small amount of hard martensite 
will form in the matrix of soft fer 
rite. Ferrite grain size also increases 
when 430 is heated above approxi 
mately 1,750 F. These two structural 
features, ferrite grain growth and mar 
tensite formation, are the factors 
which exert the greatest influence on 
the properties of a weld joint becaus 
both reduce the toughness and ductil- 
ity of the metal. 

A relatively small amount of ti 
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LET US 


HELP YOU 


CUT ENGINEERING COSTS 


AND 


IMPROVE QUALITY CONTROL 


OW ... for the first 
time a complete engi- 
neering service, from Metal 
Reproductions, to finished 
production Templates, is 
available to you. 
Capitol Engineering and 
Master Template work as a well-integrated team 
to bring you the very finest Metal Reproductions 
and finished Production Templates. Our service 
is fast, dependable and economical. 

By taking advantage of our complete service 
you can free your own draftsmen and engineers 
from the detail expense of duplicating draw- 
ings to more important jobs. Not only do 
you save engineering time and costs, but we 


virtually eliminate the possibility of human 
error 

Our service is as invaluable to you in extensive 
“Face-Lifting’” programs as in complete pro- 
grams. Many expensive man-hours can be saved 
where changes and blocking out are required 
and relocating is necessary 

Absolute accuracy of line, detail and toler- 
ances are maintained throughout the Reproduc- 
tion process with no size limitations, (drawings 
such as 6’ x 20’ can be easjly reproduced) 

Let us show you how our service works for a 
more economical and better solution to your 
problem on your present and future engineering 
jobs . . . Write today a representative will call 
at your convenience. 


HERE’S WHAT OUR COMPLETE SERVICE DOES FOR YOU 


® Utilizes existing drawing techniques of your 
engineers. 
Coordinates design groups. 
Accurately reproduces your original drawings 
on metal. 
Produces large layout panels—no size limi- 
tation. 
Exercises production control over all depart- 
ments and subcontractors. 
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© Minimizes human error. 

© Furnishes precision Templates that save your 
tolerances for tooling and fabricating. 
Saves scarce engineering time for other jobs. 
Assures part interchangeability from all depart- 
ments and subcontractors. 
Eliminates detail drawing and Template layout. 
Saves time and recuces costs. 
A single source of responsibility. 


CAPITOL ENGINEERING | 
REPRODUCTION Cc 
: 835 HOLDEN ST. ae 
. DETROIT 2, MICHIGAN 
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of product or process 

tantum is needed to make 17 Cr 

a completely ferritic steel. As 
cated in Table I, 430 Ti custon 

contains a titanium content of at 
epen թ a b | e tim ng five times the carbon content to 
vent the formation of austenite 
heating and consequently of m 


ՒԶ site upon cooling. 
/ The absence of a structural t 
^4 formation allows 430 Ti to be uti 





in a number of applications. The 
den expansion which accompani: 
/ formation of martensite no lo 
Ge takes place on cooling and ther 
the stecl can be used in tela 
cones where glass-to-metal seals 
made. Table II lists mechanical 
physical properties for the two gra 
"m3 Ի and 18-8 prior to welding. 
Unfortunately, the transition ra 
for the 17 Cr steels lies just al 
room temperature. The material « 
be notch sensitive under impact lo 
m" ing at room temperature and below 
« and will display Izod values of | 
sibly 20 ft-lb or less. When tested 
Ի E temperature in the neighborhood oí 
j . 200 to 250 F, the Izod values will 
| crease to approximately 30 to 50 ft-! 
m | A Sharper notches and lower temper 


em - tures reduce impact resistance. 
mul The characteristic to be kept fo: 
ը | most in mind when planning the մ 
sign of a welded 17 Cr article is 
notch sensitivity of these steels as meas 
ured by notched-bar impact testing. Th 
conditions under which this sensitivity 
x will cause difficulty are not easy to pr 
dict. Almost any piece of equipment 
designed to withstand static loading 
may at some time be subjected to ac 
dental or unforeseen impact loading 
Loss of notchcd-bar impact toughness 
can be taken as fair warning that th 
material will not be able to accomn 
for the: control of plastic and injection molding | date any appreciable multiaxial stress 
| even under slow rates of loading. Sin 
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purging gas fired over etc where accuracy of timing à z s 
Typical Properties of Chromium and 
nproves quality, reduce upervision or vitally protects the y | ` | 
Chromium-Nickel Stainless Steels in 
dt iiit ii c ie Cramer Type TEC Time Delay Relay The Annealed Condition 
provides an adjustable time delay between tne 
peratior fa ntrol circuit and the subsequent closing o: : di 17 pet Cr | Cr 
T: ; Noe Ind sDOSE quer է ' Type 430 | Type 4 
J T ՕՕԶ Ս ք: 17 tor dependat Ti 
MESI f ՈՊ Tensile Properties: 
Ultimate Tensile 
m - Ծէ: Strength, PSI 90,000 75,000 65,00 
: dins i 0.2 pet Yield 
Strength, PSI 10.000 15.000 45,00 
Elongation in 2 in., 
T "T. pet 55 Հ | 30 
HEr լ | 122012 Hardness, Rockwell 
B 80 
ther dependablt rome Izod Impact 
Strength, V-Notch, 
tod f Ft.-Lb. 100-120 15-50 
shea ó Endurance Limit, 
2 oe PSI 34,000 | 40,000 | 
ն Բ» ramer Cota } En Coefficient of Thermal | 


Expansion, Per D>- | 
gree F(Mean value 


om : 32 to (^F 0.2x10-* | 6.3x10-* | 6.3 
ք Ք տ. Շրճխքն ՕՕ «« ք. ախ: 
at 212° ) I 
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ium and _ Thousands of miles of Diamond Roller 
steels in Chains are operating on many types of pack- 
- aging, sealing and labeling machinery. For the 
RU utmost in continuous daily output, engineer On the Corton Closer, long lengths 
UN designers recognize the uniformity, accuracy of Diamond Choins are employed. 
and dependability of Diamond Roller Chain 
| or i DIAMOND CHAIN COMPANY, Inc. 
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Dependable Hydraulic Seals 


Minnesota O-Rings function in air or gas 
systems as well as in hydraulic systems. Air 
cylinders . . . hydraulic valves . . . hoisting 
mechanisms . . . water pumps . . . bottling 
machines . . . refrigerators . . . motors... 
lubricators . . . are a few of their uses. 
Minnesota'sexclusive injection process makes 
possible very close dimensions, uniformity 
in mass production and downright economy. 
We use special compounds of synthetic rub- 
ber to meet your exact requirements. Let us 
make a quotation on your next hydraulic 
packing installation. 


Manufacturers of 


all types of small 
rubber parts 


Write for O-Ring Catalog 


Durakool, Inc. 


Durakool 
a dependable 


10 YEAR SWITCH 


Steel-clad with mercury to mercury contacts, the 

Durakool hydrogen filled switch is performing 

with sensational dependability. 

ions of contacts without a falter 

% Positive "Make and Break" contact action 

X Withstands high temperatures 
% No deterioration in storage 
Ե Seven new models—I to 65 amperes 

* Smaller in size, increased capacity 


Es 


MERCURY SWITCHES 


write 


MINNESOTA RUBBER & GASKET CO. 1ouaAPOUS M MEN. 


The Swing 
is to 












See Telephone Directory for Local Distributor or 


Elkhart, Indiana 
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Engineering Abstracts... ......continued 
stresses of this character are common 
in welding, particularly in heavy s 
tions, avoid notches and points 
stress concentration when possible 

In designing a welded article 
sizes of available material should 
considered and an attempt made 
relegate weld joints to the leat- 
stressed portions of the weldment 
Joint designs which include inher 
notches should be avoided. Cor: 
joints and Tee joints, particularly th« 
made with incomplete penetration, are 
examples. A simple butt joint ma. 
with full penetration represents thi 
most desirable type of joint and ca 
often be arranged through a little 
planning. 

It is good practice to have the bend 
ing take place across the rolling dir: 
tion of the sheet. Bending 430 and 
450 Ti parallel to the rolling direction, 
particularly if the corner radius i; 
sharp, may result in cracking along 
the corner. By bending corners and 
locating the joint in a flat section, the 
butt-joint is readily accessible for 


o A 


` 


8 


| grinding flush, and, if necessary, X-ray 
| inspection. 


In dynamically loaded structures, the 
design engineer must be on guard, to 
avoid failure through fatigue. The 17 
Cr steels are not especially prone to 
fatigue failure. However, this form 
of fracture is the most frequently en- 
countered type of mechanical failure in 
weldments of all grades of steel. A 
notch or a sharp change in section is 
usually found to be the underlying 
cause of premature fatigue fractures. 
A stress of four or five times the ex- 
pected value can easily be concentrated 
at the toe of a fillet weld and in this 
way exceed the endurance limit of the 
material. Sometimes a machining op 
eration subsequent to welding can be 
used as good insurance against stress 
concentration. 

Distortion in 430 and 430 Ti is 
easier to control than 18-8 material 
The lower coefficient of thermal ex- 
pansion of the 17 Cr steels will result 
in less warpage subjected to the weld- 
ing heat. In addition, the higher ther- 
mal conductivity will help diffuse the 
heat from the weld zones. When 
welded articles must be true to shape 
and dimensions even the 17 Cr grades 
should be carefully clamped. These 
should be sufficiently rigid to overcome 
the tendency to warp during welding, 
and should have enough mass to help 
dissipate the heat. 

There are advantages to preheating 
for welding which apply to many 
steels. It may appear quite logical that 
for 430 and 430 Ti base metal each 


| should be joined by a weld metal of 
| essentially the selfsame composition. 
| This is seldom the case. 


A fact not 
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gineering Abstracts. continued 


lely appreciated is that wrough: 
ptal compositions do not often pro- 
good weld metal; and this is par- 
ilarly true of stainless steels. Bona 
welding rod is made to specially 
dified analysis requirements to in- 

e good weld " properties. The 

of no filler rod, or thin shearings 

m the edge of the parent sheet as 
filler metal, is not the best practice. 

l'ype 430 weld metal as formed dur- 

g any fusion welding process is low 
in toughness and ductility, even more 
so than the heat affected zone of 430 
base metal. The as-deposited structure 
of coarse columnar ferrite grains and 
martensite accounts for the very low 
ductility. An article joined with 430 
weld metal should be heat-treated after 
welding to improve the toughness of 
the weld metal. The benefit secured 
by annealing 430 weld metal can be 
seen by the comparison of mechanical 
properties in Table III. 

An austenitic Cr-Ni filler metal 1 
frequently used to join 17 Cr steels to 
secure a ductile weld metal in the as- 
welded condition. For 430 and 430 
Ti a 308 (20 Cr-10 Ni) covered elec- 
trode or a 308 bare rod is generally 
selected, although almost any austeni- 
tic welding material, such as types 309, 
310, or 347, can be applied. These 
Cr-Ni materials will provide a very 
tough, ductile weld-metal in place of 
the comparatively brittle 430 weld 
metal. The use of Cr-Ni weld metal 
does not prevent grain growth in the 
base metal heat-affected zones of either 
grade, nor martensite formation in 
430. The bending ability of the weld 
joint is improved as a result of havine 
highly ductile weld metal present. 
Despite this advantage of employing 
Cr-Ni weld metal to join the 17 Cr 
steels, the austenitic type of weld metal 
must not be indiscriminately applied. 
Applications may arise where the dif- 
ference in color, physical characteris- 
tics or mechanical properties of the 
austenitic weld and ferritic parent 
metal will cause difficulty. The greater 
coefficient of thermal expansion of the 
weld metal is also cause for concern. 


Type 308 v 430 
Typical Properties of Weld Metal 
Deposited by Metal Arc 


| 2 17 Pet Cr 
; | Type gos | Type 490 Weld Meta 
Condition eld 
| , Metal Annealed 
| As-Welded| A* Welded, "j,ggep 


ensile Properties: 
Ultimate Tensile 
Strength, PSI.. 90,000 35,000 75,000 


Strength, PSI... 55.000 ND | 50,000 
Elongation in 2 in. 40 ) | 28 
harpy Lmpact: 
Keyhole Notch, 
«....... 30 լ | 20 


Propuct ENGINEERING SEPTEMBER, 


BALL BUSHING 


The BALL BEARING for your 


LINEAR MOTIONS 


Sliding linear motions are nearly always troublesome. Thousands 
of progressive engineers have solved this problem by application 
of the Precision Series A or Low-Cost Series B BALL BUSHINGS. 


Alert designers can now make tremendous improvements in their 
products by using BALL BUSHINGS on guide rods, reciprocating shafts, 
push-pull actions, or for support of any mechanism that is moved 
or shifted in a straight line. 


ԱԱ: your product. Up-date your design and performance with 
BALL BUSHINGS ! 


Now manufactured for 1⁄4”, 1⁄2”, 3⁄4 
shaft diameters. 


and 2! Pa 


LOW FRICTION * LOW MAINTENANCE 
ELIMINATES BINDING AND CHATTER 
SOLVES SLIDING LUBRICATION PROBLEMS 
LONG LIFE > LASTING ALIGNMENT 


Progressive Manufacturers Use Ball Bushings 
—A Major Improvement at a Minor Cost 


THOMSON INDUSTRIES, Inc. 
Dept. F, MANHASSET, NEW YORK 


Write for descriptive literature and the name of our 
representative in your city. 


Also manufacturers of NYLINED Bearings — DuPont NYLON 


within a metal sleeve—for rotation and reciprocation. 








PUMPS 


FOR COOLANTS 
LUBRICANTS AND 
ABRASIVE LIQUIDS 


aL 


POSITIVE DISPLACEMENT 
AND 
IMPELLER TYPES 


ALLE 


4); 14. €. STANDANWMMS 
OR DIRECT 
MOTOR CONNECTED 


PUMPS 


DEPENDABLE, 
EFFICIENT 


ECONOMICAL 


STANDARD OR SPECIAL, 
FOR EVERY MACHINE TOOL 
AND INDUSTRIAL USE 


CGA 
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| Basic Scale" 
| are intermediate in value to units of 
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Air-Conditioned Automobiles 


To the Editor: 


Recently in our local newspaper we 
noticed a news item from PRODUCT 
ENGINEERING regarding —air-condi- 
tioned automobiles in the near future. 
We would like to advise that the Lone 
Star Motor Co. here in El Paso is way 
out in front as far as air-conditioning 
in cars is concerned. 

We have installed approximately 
200 refrigerated air-conditioning units 
in Cadillacs and Oldsmobiles over the 
past three years. These units are highly 
successful, and people using them have 
much praise for their efficiency and 
comfort. 

I do know that General Motors is 
experimenting with Frigidaire air-con- 
ditioning in cars at the present time, 
and am sure that we will have them 
as standard equipment in 1953. 

Thought you might be interested in 
knowing how far Texas is ahead of 
the rest of the country. 

W. H. WOOLDRIDGE, PRES. 
Lone Star Motor Co. 


Ed—Ya-a-y Texas 


More 12 Place Math 
To the Editor: 


It was highly gratifying to me that 
you saw fit to print Mr. John E. White- 
side’s remarks concerning duodecimals, 
to which you added a brief exposition 
of the workings of this system. 

Your readers may, however, get the 
impression that the system of measur- 
ing by duodecimal notation is some- 
what jumbled, inasmuch as you set 
forth the "Mechanics Scale" and the 
, wherein the units of onc 


the other. This is one illustration of 
a dilemma that has hindered what I 
consider the very desirable adoption of 
the suggested system, namcly whether 
to design units of the new system 
around familiar units, as far as possi- 
ble (such as inches, feet), or start out 
fresh with entirely new units chosen 
for particular functional advantages or 
for association with scientifically-de- 
termined values. Each system has its 
merits, and if the proponents of duo- 
decimals could consolidate behind one 
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INSTRUMENT 


BALL BEARING 


In the new RMB FILMOSEAL bearing, a 
capillary film of oil forms between cylin- 
drical washer (A) and the tapered 0.D. of 
inner race (B). This strong film of oil seals 
the bearing — keeps the lubricant in, 
keeps dirt out — yet there is no rubbing 
contact between the sealing elements. 


The FILMOSEAL bearing thus has all the 
advantages of a sealed bearing, plus the 
freedom of rotation of an open bearing: 


© Permits the use of oil instead of 
grease as a lubricant. 


Low starting and running torque. 
Torque constant over long periods. 
Adjusts for pressure variations. 

No heating or scoring at high speed. 
Remains sealed in any position. 
Maintenance is greatly reduced. 


FILMOSEAL precision bearings are available 
in 10 bore sizes from 2 mm. (.0787”) to 
8 mm. (.3150") and corresponding 0.0. 
from 6 mm. (.2362") to 22 mm. (.8661"). 






WRITE FOR 
COMPLETE 
DESCRIPTIVE 
LITERATURE 


LANDIS & GYR, INC. 


45 W. 45th St., New York 36 
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CENTERS" 


made to order 
for instruments 


and controls! 


| 
| 


Cost-savings, too, with these bellows assemblies ! 


F YOU HAVE a tricky job that a 

bellows assembly can do, we 
can build the assembly to do the 
job. For we help design engineers 
in practically all industries — 
produce these "nerve centers" for 
many instruments and controls. 

They're used in thermostatic 
devices . . . flexible connectors .. . 
pressure controls . . . hydraulic 
mechanisms and other units. 


FULTON 
SYLPHON 


DIVISION 
Knoxville 4, Tenn, 


LRODUCT ENGINEERING SEPTEMBER, 


à Kohertehaw: 


ր | 
‘WPERATURE CONTROLS - BELLOWS ASSEMBLIES ~ BELLOWS © 


A few of the many types of 
assemblies we build are shown. 
All are made to order, to your 
specifications. 

And you'll make cost-savings, 
too. For you benefit from our half- 
century of experience in this spe- 
cialized field. Our skilled person- 
nel work with you designing and 
developing assemblies — produce 
them for you in a wide range of 


1952 


metals and sizes. You save time 
and money. 

If you have a product requiring 
one or more bellows assemblies 

. if you have a design problem 
involving control of temperature 
or pressure that bellows assem- 
blies can help solve . . . write us 
for helpful information and 
advice. Ask for idea-packed 
Catalog RP-1200. 


E 


Ն BRIDGEPORT 


THERMOSTAT 


DIVISION 
Bridgeport 1, Conn, 





.- ..- 










TO SAVE PRODUCTION TIME 


KESTER 
SOLDERFORMS 


For Soldering with flame, carbon-resistance, 
oven, induction and conventional iron. 


DIMENSIONAL STABILITY Every single Kester 
Solderform is made exactly to specification. 
What's more .. . they are delivered that 
way to you, ir perfect condition, because 
of Kester's scientific packaging. 


Write for sample assortment or 
test samples for your specific job. 







KESTER 
SOLDER 


KESTER SOLDER COMPANY 
4224 Wrightwood Ave., Chicago 39 
Newark 5, New Jersey * Brantford, Canada 


pue ipta E eda ct yate 


Accepted everywhere for quality and per- 
formance based on rigid tests to government 
+. specifications. 


CURTIS univerRsAL JoINTS 


Single or Double 


E Curtis “Standards”—of selection, heat treat- 
bare ment, strength, accuracy, tolerances, concen- 
tricity and smoothness — surpass the Class I 
specifications of the AAF. Today these 
standards—and Curtis Universal Joints—are 
used in every branch of the Armed Services. 

14 stock sizes to choose from with facili- 
ties immediately available for specials to 
specifications. 


ONLY CURTIS OFFERS ALL THESE ADVANTAGES 
Availability — 14 sizes always in stock. 


Si icity — fewer parts, simpler construction. 
p 
Government Tests — complete equipment for govern- 


ment tests in our plant. 


€ Write today for free engineering 
data and price list 


CURTIS UNIVERSAL JOINT CO., INC. 
11 BIRNIE AVENUE SPRINGFIELD, MASS. 
As near to you as your telephone 
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of them I believe great progress « 
be made. 

Doubtless you will get the usual o! 
jections from people who think tler 
is something “wrong” with duo: 
mal "decimals", that "you can't ! 
logarithms”, that “trig formulas won’: 
work out”, and various other « 
plaints based on a belief that t 
is something inspired or “natural 
about the usual decimal system. Non 
of these objections will stand analysis 
but in fact there are some attributes 
of duodecimals that actually fit geo 
metric and spatial relationships better 
than our present measures. Consider 
the twelfth part of a circle. This is 30 
deg of our present measure (wherein 
90 deg is a quadrant and 360 deg a 
circle, both completely arbitrary num. 
bers chosen to facilitate computations), 
but would either have a name of its 
own in duodecimals, in which cas 
it would be a unit quantity, or would 
be referred to as "0.1 circle" (ix 
1/12 circle). There is no point in do 
ing this in our present numerical sys 
tem, because 1/10 of a circle is a par 
ticular angle which happens to be + 
deg in our present system of measur: 
ment, a quantity which is occasionally 
of use to designers of gears, cams 
stars, and Pentagon buildings, but not 
much otherwise. 

Mr. Whiteside prefaced his remarks 
by referring to computing devices, and 
might have taken the opportunity to 
emphasize the virtues of duodecimals 
in connection therewith. Present-day 
machines mostly operate in binary sys- 
tems and variants thereof, because the 
electronic stages mostly are "either-or" 
arrangements, wherein the unit cycle 
repeats after the second step. True, 
some counters operate decimally by 
counting around a ring of ten stages, 
or by using four binary stages (16) 
and dropping out the extra 6 along the 
way, or by using a system such as bi- 
quinary notation, involving a binary 
stage and a five-place ring in tandem 
to make ten. The last-named is the 
only one that reads decimally and is 
reasonably economical of stages (7) 
The same seven stages, arranged 4 and 
3 for what I call ter-quaternary nota 
tion, can count to 12. The two extra 
counts do not look like very much, but 
in large-scale, high-precision opera- 
tions it will be found that 13 duodeci- 
mal orders are more than the equiva- 
lent of 14 decimal orders so that a 
whole order (7 stages) is saved in de- 
vices of this capacity. Even if no 
stages are saved, as in smaller ma- 
chines, the precision is enhanced be- 
cause a given number of digits repre- 
sents a larger quantity duodecimally, 
or conversely, a change of one unit in 
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"| Arwood’s 3 highly efficent 
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a precision casting plants 
natural 

1 Non 

analysis 

ttrib 

a t m The plants of Arwood are planned and built to be 
Consider eflicient, to manufacture economically and to deliver 
his is 30 the utmost in quality and finish. The personnel is care- 
wherein fully selected and trained to produce to Arwood’s 
E . exacting standards of manufacture. 

ations), These facts about Arwood production are of impor- 
e of its tance. The design and die division, for instance. has 
n made literally thousands of intricate moulds and has 
թռ, the experience to answer the most difficult design prob- iE E a 
it in do lems. The cam illustrated is a typical example. Arwood. Mee ME 
ical sys too, is able to cast in both ferrous and non-ferrous 
S à par metals to tolerances of + .002 to -- .005. Whether a 
o be 3 a^ Medi : s ^ 
binis: quantity is large or small flexibility in design makes it 
sionally (| economical Service is another factor. Resident sales 
j Cams engineers throughout the country are able to give you 
but not valuable information quickly. 

remarks Here are a few practical results of the Arwood opera- 
ces, and tion. A part was designed and made three times stronger 
unity to than it had been made before at a 90°, saving. Another 
lecimals Non . we ia 

dde application combined seven parts into one. And many 
jary sys- times, after careful study, precision casting parts were 
ause the made that could be made no other way. Arwood has 
ther-or" accepted many challenges and because of engineering 
ut ga skill, perfection in tooling, complete control and pro- 
Mp v duction efficiency. has been able to meet each one. 

| Stages, If you have a production problem. why don’t you 
oed write Arwood. Our engineers have worked in many 
hashi | industries and have the “know-how” that can be helpful 
| Binary to you. For important information about the versatility 
tandem of precision casting. write for our booklet. “Alloy 
| is the Selection and Design for Investment Castings." and visit 
DE our booth. No. 1758. at the National Metal Exposition 
cre in October in Philadelphia. 
ry nota . 
vo extra 
ach, but 

opera- 

equiva- 

that a ES 
] in de- s 

if E PRECISION CASTING CORP. 
ler ma- í 68 WASHINGTON STREET * BROOKLYN 1, N. Y. 
ced be a Stainless steel release cam 
s repre- made by Arwood at a 587- saving 
cimally, : 

unit 
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STAMPINGS 


PILOT RUNS 


SPECIAL METHODS PRODUCE 
SMALL QUANTITIES AT 
MINIMUM COST. 


When you need just a few pieces — 
when you’re still in the experimental 
stage —then an economical, cooper- 
ative source of parts is important. 


Our Machine-Cut Method avoids 
custom die costs completely by use 
of special machinery which skill- 
fully fashions pilot quantities. 


Careful calculation determines the 
point at which labor costs warrant 
our Short Run Method, which uses 
simple contour dies and special pur- 


pose presses. 


Best of all, when you get into large 
quantities on the experimental part, 
our STAMPINGS DIVISION is still 
your most economical producer, 
using our Production Method. Thus 
all three methods are at your dis- 
posal. And impartial choice of 
method saves money for you! 


For more information, use coupon on opposite page 


SLAW PINGS 
DIVISION 


O LAMINATED © 


O COMPANY, INC. O 





1409 Union Street, Glenbrook, Conn. 
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Our Readers Say 


the last place is a smaller fraction of 
the total quantity represented. 

The last point above is related to a 
fact that might interest designers and 
machinists. Duodecimal 0.001 is 
really 1/1728 in our present notation, 


| or not far from “‘half-a-thousandth’’, 


which we now express as 0.0005, using 
the fourth place of decimals. (This 
statement is a trifle optimistic; the 
value of duodecimal 0.001 is actually 
almost decimal 0.0006). Mr. White- 
head's remark about 1/64 being duo- 
decimal 0.023 is interesting but is 
again related to the desire to save th: 
onventional units such as 64ths; if we 
wanted to work to 72nds, we would 
proceed as follows: 0.02, 0.04, 0.06, 
0.08, 0.0X, 0.10, 0.12, etc. Two-plac 
xpressions, and using only the even 
numbered ones at that, for fractions 
finer than a 64th! 
WILLIAM C. Senyuman 
Brooklin. N. Y 


Annual Handbook of 
Product Design 
To the Editor: 


Please advise how I can 


continued | 


secure a | 


copy of "The Annual Handbook of | 


Product Design for 1953”. 

I am not a subscriber, though I 
do manage to secure issues of PRODUC! 
ENGINEERING here in the islands. 

ARTURO L. LOPE? 
Manila, Philippme: 


Ed—The "Annual Handbook of Prod- 
uce Design for 1953" 
in the subscription to PRODUCT ENGI- 
NEERING. A limited number of copies 


will be available at $2.00 per copy. 


PE Article Used in 
College Course 
To the Editor: 


For some years I have been offering 
a course in Mathematical Computation 
by Physical Means. The recent article 
on Resistance Wire Computing Device 
for Solving Algebraic Equations by 
C. V. Ramamoorthy and W. W 
Soroka in the February 1952 issue of 


will be included | 


PRODUCT ENGINEERING seems to pro- | 
vide suitable material for this course. | 


I am writing to ask your permission 
to reproduce this article by an offset 
process (Multilith) for cost-free dis- 
tribution to and retention by the stu- 
dents (roughly thirty per year) who 
take this course. At the same time I 
am writing to the author to make sure 
he is willing to have his article so 
used. Since our method of reproduc- 
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Books Serve as Tools 
in Defense Production 


Defense production needs have put 
spotlight on today's rapid technical dey 


ments in machines, materials, processes 
management. New demands for know-ho: 
skill face your personnel, from top engin 


design down through the many levels of s 
visory and mechanical shop work. Mak: 
you get the maximum efficiency and prod 
from your whole staff—give them th 
vantages of the technical training and uj 
ing afforded by McGraw-Hill books 


Mechanical Engineers' Handbook 


Provides practical data on every branch of 
mechanical engineering—from aeronaut 
mechanical refrigeration, from power 
tion to welding, from metal-cutting to ho 
and conveying. New materials in the 5t 
tion include fluid mechanics, aircraft 
pulsion, plastics, industrial supersonics, r 
fuels, and many more. Edited by Lione! s 
Marks, Gordon McKay, Prof. of Mech. Eng, 
Emeritus. Harvard Univ. 5th Edition, over 2204 
pages, 1500 illus., $15.00 


Tool Engineers Handbook 


An outs‘anding reference bringing you au- 
thoritative data on the design, fabrica 
maintenance, and economical use of indust 
tools and machinery. It covers everything f 
product design and cost estimating 
through the economical selection of mac! 

, sses and tools . to the analysis 
improvement of setups and operations By 
American Society of Tool Engineers, F. W. 
Wilson, Editor-in-Chief. 2150 pages, over 2000 
charts, table and diagrams. $15.00 


Handbook on Designing 
for Quantity Production 


Provides the tested. rules to enable y« 
design more economical product parts for 1 
production quicker. Gives you hundreds of 
sign pointers to follow in designing bas 
for quantity production by stamping 
casting, die casting, screw machine, die f 
ng. eti ind new material on wire 
permanent mold castings, impact extrus 
By Herbert Chase. 2nd Edition, 561 pages, 
112 Ulustrations, tables and charts, $7.50 


Quality-Control Handbook 


An outstanding reference bringing you au- 
thoritative data on the design, fabricat 
product quality at lower cost Use it for bas 
ir advanced review of all phases, not only the 
statistical, of the quality-control function 
for quick reference to many formulas, data 
record forms, and other practical informat 
Covers economics of quality control; organiza 
tion for quality; acceptance, control, and 
surance of quality; application to specific pr 
esses and products. Edited by J. M. Juran, Con- 
sulting Management Engineer. 768 pp., 6 x 9, 
176 illus., $10.00 


Materials Handbook 


Presents the most pertinent and important 
facts relating to more than 8800 materials t 
enable eexcutives, purchasing agents, and eng 
neers to make comparison, avoid checking 
many sources, and quickly get a working 
knowledge of the materials best suited for 
particular purpose. Gives detafled informat 
on chief characteristics, comparative data 
sources, substitutes, adulterants, and uses for 
each material. Includes a section on econon 
geography of materials. By George S. Brady. 
7th Edition, 879 pages, $8.50 


SEE THESE BOOKS 10 DAYS FREE 


| McGRAW-HILL BOOK COMPANY, INC. | 
| 330 W. 42nd Street, NYC (36) | 
Send me book(s) checkedgbelow for 10 days’ free 

| examination on approval. In 10 days I will remit | 
for book(s) I keep plus a few cents for delivery 

| and return unwanted book(s) postpaid. (We pa | 
for delivery if you remit with this coupon—same | 
| return privilege. ) 

| C Marks MECHANICAL ENGRS. HDBK—$i5.00. | 
| © ASTE—TOOL ENGINEERS HDBK.—$15.00 — | 
| © Chase—HDBK. ON DESIGNING—$7.50 | 
(] Juran—QUALITY-CONTROL HDBK.—$10.00 | 
| © Brady—MATERIALS HDBK.—$8.50 

| (Print) | 
լ | 
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teaders Say continued 
utilizes a photographic process, 
»wledgment to the author and 
uct Engineering would be auto- 


RANDOLPH CHURCH, CHAIRMAN 
Dept. Math. & Mechanics 
United States Naval 
Postgraduate | School 
Monterey, Calif. 


We are glad to extend to you per- 
sion to make offset or Multilith 
copies of the article "Resistance Wire 
Computing Device,” by C. V. Rama- 
noorthy and W. W. Soroka which ap- 
peared in our February issue. 
- Since you are not planning these 
copies for sale, and they are entirely 
for student use, I can see no objection 
whatsoever. I am pleased that you 
thought highly enough of the article 
to include it in your course. 


Sources of Silicon Monoxide 


1 the Editor: 

While reading the PRODUCT ENGI- 
NEERING magazine, I noticed that one 
of your subscribers was interested in 
finding a source of Silicon Monoxide. 

We can produce this material in the 
form of a light brown powder that is 
sold at $12.50 per lb. The chemical 
analysis of the material is as follows: 

Percent 

Material not volatile with HF 1.84 

Carbon 4.40 
Silicon Carbide nil 

Silicon Monoxide (SiO) 62.80 

Silicon Dioxide (SiO.) 31.00 

—N. G. GRAFTON 

General Electric Co. 


Where Can I Get It? 


Reinforced Plastics 
To the Editor: 


In your May 1951 issue I read on 
page 157 that you had previously pub- 
lished an article on ‘Reinforced Plas- 
tics” by Richard J. Francis. This arti- 
le appeared in the February 1951 
ssue. I would like to know if a re- 
print of the article mentioned above 
s available and how I may obtain one. 
It a reprint is not available, I would 
like to know if it is possible for me 
to purchase a copy of the February 
sue, 

It would also be appreciated if you 
in advise if other articles on the 
ime subject have appeared in your 
T Other technical magazines and 
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THE 


LOOSE LEAF 
SHIM 


PACKAGED 
SHIM 
STOCK 


BRING YOUR SHIM PROBLEMS 
TO “SHIM HEADQUARTERS” 


ONLY LAMINATED SHIM COMPANY 
OFFERS YOU ALL FIVE SOLUTIONS: 


SIMPLY PEELS FOR ADJUSTMENT 

Made up of from 3 to 63 layers of .002 
or .003 inch brass or steel, metallically 
bonded together over their entire sur- 
faces. No dirt between layers. Peels 
with penknife. 


FOR QUICK, ASSEMBLY LINE USE 


The laminations of the Lamisot Shim 
(in brass only) are temporarily joined 
by spot-soldering on the edges. Gauges 
and number of laminations within one 
shim are unlimited. 


FOR SUPER SPEED, THIN GAUGE SITUATIONS 
The little tab holds shim laminations 
together firmly, yet is easily removed. 
Different metals can be used in the 
same shim. 


FOR UNLIMITED FLEXIBILITY 

This is the simplest of all custom- 
stamped shims. It is completely flexible. 
Usually sets including several different 
gauges are made up 





READY FOR EASY USE, WITHOUT WASTE 
Thin gauge 6” x 100” rolls feed 
through package slots. Heavier gauges 
in flat envelopes. Available from your 
Industrial Distributor. 


* T. M. Applied Fer 


O LAMINATED o 


O COMPANY, INC. O 


SHIM HEADQUARTERS SINCE 1913 


Check Our Stampings Division 
For Your Stamped Parts Requirements 


USE COUPON er more information 


MAIL TODAY! 


LAMINATED SHIM COMPANY, INC. 
1409 UNION STREET, GLENBROOK, CONN. 


Please send me more information on: 
O SHIMS O STAMPINGS O BOTH 
O We'd like to discuss our problem with one of your Sales Engineers. 


VER eoim nectit mtt p mtm mmt MEM ermntné 


COMPANY 
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MATERIALS 
ENGINEERING Ed 
FACTS 


Our Readers Say conti: ued 


whether there have been any b ok 

published recently on the subject 
EDWARD Has: «1; 

Highland Park, N} 


Enclosed you will find the 
cle written by Richard J. Franci 
titled “Reinforced Plastics” w 
appeared in the February issu 
PRODUCT ENGINEERING. We are also 
enclosing a four-page article entitled 
Glass Fiber Reinforced Plast 
which was published in our Nove: 
1951 issue 

We are unable to advise you of s 
lar articles which have appeared i 
other papers but we have passed on 
your request to our Book Comp 
They will check their book list and if 
any books on the above subject 
listed they will advise you 


Sorry, Its Private Property 
lo the Editor 


We often use what is known 
England, and we believe also in th: 
U. S. A, as "Easi-Flow No. 2 silver 
solder" and Easi-Flow flux for brazing 
steel and copper tubes. 

We should like to receive specifica 
| tion and technical details of these ma- 
terials such that we can make them 
ourselves or have them made for our 
| own use. A. C. R. GREENI 

Deven, England 


Ed—l'm sorry to say that it is impos 
sible for us to give you the details of 
Easi-Flow silver brazing solder which 
would enable you to make it for your 


hints for molding metal inserts is x Hamin Company, io 


in ACE HARD RUBBER ese New York and 


It takes no less than 70 pages in the new Ace 
Handbook to cover the amazing versatility of 
Ace Hard Rubber! For instance, you'll find a 
choice of many different compounds . . . tensile 
strengths to 10,000 psi, dielectric strength over 
600 v/mil, heat resistance as high as 300'F., 
water absorption as low as 0.04% ... in molded 
parts, sheets, rods, tubes and linings . . . with 
complete (among world’s largest) facilities for 
design, molding, extruding, finishing . . . for 
thousands of applications. Always check your 
Ace Handbook when selecting materials for 
today’s production and tomorrow's plans. It's 
free—write today. 


100th 





cated at 82 Fulton St., New York, 
the formula and 
method of making it are their property 


| Wants More Data on 
| Heat Resistant Adhesives 


To the Editor: 


| We are interested in the article on 
| page 200 in your February, 1952 issu 
| relative to some heat resistant ad 
| hesives. We would appreciate it if yo 

| could tell us where we can get son 

| more information on this subject. 

-E. W. McGuiINr* 
General Electric C 


Ed—Regarding  heat-resistant adhe- 
sives, we cannot give you any brand 
names on these materials. The adhe- 





" | sives described in our February 155 
^"""" American Hard Rubber Company | were developed and are being usc 





Փ" 93 WORTH STREET + NEW YORK 





by General Motors. 


13, N. Y. However, you can obtain any info 


(Continued on page 283) 
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Readers Say. continued 
ion you might want from cither 
Mi. A. J. Kearfott or Mr. C. X 
ush, at the General Motors Ro 
arch Laboratories in. Detroit, Michi 


1 


Design Games 
the Editor: 


I am interested in product engineer- 
g and design as related to the game 
manufacturing industry. Can you sug- 
gest sources of available material cov- 
ering this specialized subject ? 

-PAUL V. GILLETTE 


Holland, Michigan 


l 


Ed—1f you write to the two publica- 
tions listed below, they might be able 
to help you. They did not deal exclu- 
sively with product engineering in th: 
design of games, but might be able to 
give you some valuable leads. 

Playthings, McCready Publishing 
Co., 71 West 23rd St., New York 10, 
N. Y.; Toys and Novelties, Toys & 
Novelties Publishing Co., 307 N. 
Michigan Ave., Chicago 1, Ill. 


Paper Thermal Indicator 


To the Editor: 


In the May 1952 issue of your publi- 
cation, reference is made to a paper 
thermal indicator made by the Army 
Quartermaster Corps. 

We are very much interested in ob- 
taining much detailed information on 
this indicator and would appreciate 
your directing us to the proper party 
in the Army Quartermaster Corps for 
such information. -A. J. LIEBMAN 

Dravo Corp. 


Ed—For further information on Paper 
Thermal Indicators you may write to 
Lt. Arnold S. Lott at the address 
below: 
Publications Division 
Pentagon Building 
Washington, D. C. 


Selenium Rectifier Users 
To the Editor: 


We are a user of selenium rectifiers 
and would appreciate further informa- 
tion concerning foreign suppliers of 
this equipment as mentioned in a de- 
fense production administration report, 
quoted on page 115 of your February 
1952 issue. -T. W. WHITE 

Ther Electric & Machine Wks. 


Ed—The information on foreign sup- 
pliers of electronic equipment which 
we published in our February issue 
was obtained from a Defense Produc- 
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SPECIFICATION 


NUMBER 


| QQ-P-416 


-— 


| RR-C-82 


MIL-C-5541 


(See elso QPL-5541-1) | 
p — 


MIL -C- 16232 
Type ! 
Type Il 


| MIL-E-917A (Ships) 


MIL-L -3077 


MIL-S-5002 


MIL-V-3329 


JAN-F-495 


JAN-C-490, Grade | | 


| JAN-L-548A 


=== American CHemicar Paint Company 


AMBLER PENNA. 


Technical Service Data Sheet 
Subject: SPECIFICATION RUST PROOFING AND 
PAINT BONDING CHEMICALS 


CHEMICAL 


ՀՐՎ 


| 
T MB 'LITHOF RM" | 
| "zwobiwE" 

| 
"LITHOF ORM'' NO. 32 | 


- — - - - 


"ALODINE'' 


o ———M————— —————————- 

| 

| '"'THERMOIL-GRANODINE"" 
"PERMADINE'* 
"GRANODINE'" — 

“LITHOFORM” 

'"ZINODINE" 


— $$ + 


"PERMADINE'* 


— —— 


| "ALODINE'' 
| "GRANODINE"' 


աո ս — - 


"GRANODINE'* 


— ——————— D 


"GRANODINE'* 


"GRANODINE'- 
"LITHOFORA" 
"PERMADINE" 





JAN- T-704 


"GRANODINE'* 








| (See also U.S.A. 


| U.S.A. 57-0-2C.- 


Type ll, Class A 
Type Il, Closs B 
Type ll, Class Շ 


— 


"ZINODINE" 


"ALODINE" 
"GRANODINE'* 
"LITHOFORM" 
3-213) "PERMADINE'"' 
""THERMOIL-GRANODINE'"' 
| "ZINODINE'' 


a ene + 


**THERMOIL-GRANODINE” 
| "PERMADINE'' 
"GRANODINE'" 





.S.A. 51-70-1 
Finish 22.02, 
Finish 22.02, 
Finish 22.02, 


U.S.A. 50-60-1 


U.S. Navord O. S. 675 


U. S. N. Appendix 6 


Closs A 
Class B 
Cless C | 


'"'THERMOIL-GRANODINE'' 
"PERMADINE'" 
""GRANODINE" 


"GRANODINE'" 


**ALODINE”’ 


"LITHOFORM'' 





16E4 (Ships) 


AN-C-170 





U. S. A. 72-53 


AXS-1245 


-+ 


"PERMADINE'' 
'"'THERMOIL-GRANODINE'' 


"GRANODINE'"' 


"ALODINE'' ԻԱ 
**ZINODINE” Ai 


(See MIL-C-5541) 


(See AN-F-20) 


“COATINGS — PHOSPHATE, ILED 


ACP cwicaro | E 7 
-————— | SPECIFICATION TITLE 


PLATING, CADMIUM 
(ELECTRODEPOSITED) 


CANS, CORRUGATED: ASH AND GARB- | 
AGE, TAPER-SIDE, ZINC-COATED, 
WITH COVERS 


CHEMICAL FILMS FOR ALUMINUM AND 


ALUMINUM ALLOYS 


SLUSHED, OR WAXED (FOR FERROUS 
METAL SURFACES) AND PHOSPHATE 
TREATING COMPOUNDS 

EQUIPMENT, ELECTRI POwI BA 
SIC REQUIREMENTS FC 
SHIPBOARD USE 


LINKS, METALLIC BELT, FOR SMA 
ARMS AMMUNITION 


SURFACE TREATMENT: EXCEPT 
PRIMING AND PAINTING) FOR METAL 
AND METAL PARTS IN AIRCRAFT 


VEHICLES, COMBAT, SELF-PR 


PELLED AND TOWE JENERAL RE 


QUIREMENTS FOR 


CLEANING AND PREPARATION OF 
FERROUS METAL SURFACES FOR OR 
GANIC PROTECTIVE COATINGS 


FINISHES FOR EQUIPMENT HARD- 
WARE 


LINK, METALLIC BELT, 20 MM., M8 


TREATMENT AND PAINTING (FOR 
CONSTRUCTION AND ENGINEERING 
EQUIPMENT) 


ELECTRONIC EQUIPMENT; GENERAL 
SPECIFICATION FOR 


FINISHES, FOR ELE 
MENT 


FINISHES, PROTECTIVE, 
AND STEEL PARTS 


PAINTING AND FINISHING OF FIRE 
CONTROL INSTRUMENTS; GENERAL 
SPECIFICATION FOR 


CONTAINERS, METAL, FOR ARTIL 
LERY AND ROCKET AMMUNITION 


SPECIFICATIONS FOR THE MANUF A\ 
TURE AND INSPECTION բ AR 
TRIDGE, POWDER, AND ROCKE 
TANKS (ALUMINUM) 


INSTRUCTIONS FOR PAINTING 
GENERAL SPECIFICATIONS FOR 
BUILDING VESSELS OF THE UNITED 
STATES NAVY 


NAVY AERONAUTICAL PROCESS 
SPECIFICATION FOR COMPOUND 
PHOSPHATE RUST-PROOFING PRO- 
CESS 


ELECTRONIC EQUIPMENT, 
SHIP AND SHORE 
GENERAL SPECIFICATION 


CHEMICAL FILMS F OR ALUMINUM AND] 
ALUMINUM ALLOYS 


eee —— 4 


FINISHES (FOR GROUND  SIGNAL| 
EQUIPMENT) | 


—— 
NAVAL 


Sol — 4 
CLEANING AND PREPARATION OF| 


FERROUS METAL SURFACES FOR OR- 
GANIC PROTECTIVE COATINGS (EX- 
CEPT FIXED INSTALLATIONS) 


WRITE FOR DESCRIPTIVE FOLDERS ON THE 


ABOVE CHEMICALS AND FOR INFORMATION ON 


ACP 


YOUR OWN METAL PROTECTION PROBLEMS 
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sives, we cannot give you any brand 

| names on these materials. The adhe- 
sives described in our February iss 

were developed and are being used 

| by General Motors. 

| However, you can obtain any info 

(Continued on page 28? 


^" American Hard Rubber Company 


Փ" 93 WORTH STREET : NEW YORK 13, N. Y. 
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| 
| 





" ` - 3 
Propuct ENGINEERING — SEPTEMBER, 195 i 











FONT: ued 


Our Readers Say. 


continued 


ton you might want from either 


M A. J. Kearfott or Mr. C. W 
Roush, at the General Motors Ro 
search Laboratories in Detroit, Michi 


* 


GES 
SING 


brand 
adhe- 
y iss 
; us 
info 
re 283) 


utes vu rea~ SAS YVR JUL 2 աայ յ 
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Ed—The information on foreign sup- 
pliers of electronic equipment which 
we published in our February issuc 
was obtained from a Defense Produc- 
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SPECIFICATION TITLE 





PLATING, CADMIUM 
(ELECTRODEPOSITED 


CANS, CORRUGATED: ASH AND GARB 

AGE, TAPER-SIDE, ZINC-COATED, 
WITH COVERS 

CHEMICAL FILMS FOR ALUMINUM ANE 

ALUMINUM ALLOYS 


COATINGS — PHOSPHATE ILED 
SLUSHED, OR WAXED (FOR FERROUS 


ME" | - | d | 
| METAL SURFACES) AND PHOSPHATE 
| TREATING COMPOUNDS 
| EQUIPMENT, ELECTRIC POWER BA- 
| SIC REQUIREMENTS FOR (NAVAL 
| SHIPBOARD USE 
| LINKS, METALLIC BELT FOR SMALL. 
| ARMS AMMUNITION 
dori 
| SURFACE TREATMENT EXCEPT 
| PRIMING AND PAINTING) FOR META 
| AND METAL PARTS IN AIRCRAFT 
—ón— PÀ 
| VEHICLES, COMBAT, ELF-PR 
PELLED AND TOWED; GENERAL 


QUIREMENTS FOR 


CLEANING AND PREPARATION OF 
FERROUS METAL SURFACES FOR OR 
| GANIC PROTECTIVE COATINGS 


1 4 
FINISHES FOR EQUIPMENT HARI 
WARE 


LINK, METALLIC BELT, 20 MM., M8 


| TREATMENT AND PAINTING (FOR 
CONSTRUCTION AND ENGINEERING 
EQUIPMENT) 


ELECTRONIC EQUIPMENT; GENERAL 
SPECIFICATION FOR 


—À—— 
FINISHES, FOR ELECTRONIC EQUIF 
MENT 

NE” 

—— — 

INE” FINISHES, PROTECTIVE, FOR IRON 


AND STEEL PARTS 


—— 


INE PAINTING AND FINISHING OF FIRE 
CONTROL INSTRUMENTS; GENERAL 
SPECIFICATION FOR 


CONTAINERS, METAL, FOR ARTIL 
LERY AND ROCKET AMMUNITION 


| SPECIFICATIONS FOR THE MANUF A\ 

| TURE AND INSPECTION OF AR 
TRIOGE, POWDER, AND ROCKET 
TANKS (ALUMINUM) 





INSTRUCTIONS FOR PAINTING 
GENERAL SPECIFICATIONS FOR 
BUILDING VESSELS OF THE UNITED 
STATES NAVY 


NAVY AERONAUTICAL PROCESS 
SPECIFICATION FOR COMPOUND 
PHOSPHATE RUST-PROOFING PRO- 
CESS 


ELECTRONIC EQUIPMENT, NAVAL| 
SHIP AND SHORE | 
GENERAL SPECIFICATION | 


CHEMICAL FILMS FOR ALUMINUM AND| 
ALUMINUM ALLOYS 

FINISHES (FOR GROUND SIGNAL 
EQUIPMENT) 

CLEANING AND PREPARATION OF| 
FERROUS METAL SURFACES FOR OR- 
GANIC PROTECTIVE COATINGS (EX-| 
CEPT FIXED INSTALLATIONS) 
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WHAT OTHERS HAVE DONE: Here are o few of 
the scores of ways in which alert designers have taken 
advantage of the unique combination of useful qualities 
that make Bead Chain “The Kinkless Chain of a Thou- 
sand Uses”. 







LOW-COST, THREE DIMENSIONAL SPROCKET 
DRIVE Made possible by non-kinking, free-swivel- 
ing action of each bead. Slippage is absolutely 
prevented as each bead fits into an individual 
pocket. Bead Chain drives have been proved on 
many products such as business machines, tele- 
vision tuners, venetian blinds, etc. 


RETAINER FOR STRAYING PARTS Soves time 
ot plant or at home by keeping straying parts at hand. Adds value and 
soles appeal for pennies. 





CONNECTOR FOR SAMPLES For fabrics, paint, plastics, etc. Convenient, 
non-kinking, attractive, strong. 


It will pay yov to think how Bead Chain could help improve your product. 

As the world’s largest manufacturer of Bead Chain, we offer the “know- 
how” acquired in applying Bead Chain to meet the requirements of thou- 
sands of uses. Call on us. 

Bead Chain is available in many metals and finishes, and in five sizes, 
from: 
44" 18-Ib. test to 34” 185-Ib. test 


BEAD CHAIN 


The Bead Choin Manufacturing Co., 
92 Mi. Grove Street, Bridgeport, Connecticut, 
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means GETTER PRODUCTS 


Our Readers Say contin d 


tion Administration report, made 
October 1950 by E. T. Morris, 
Chairman of the Electronics Prod 
tion Board of DPA and Lt. Col. € 
B. Lindstrand of the Electronics P 
duction Resources Agency. You n 
be able to obtain detailed informat 
from this source. 

Two manufacturers of selenium լ 
tifiers were visited by the Governm 
survey team. These are: 

1. SAF (Suddeutsche Apparat | 
rik) Nürnberg, Germany 

2. Siemens & Halske A. G., M 
nich, Germany 

They manufacture conventional di 
type rectifiers. Siemens & Halske has 
developed a rod type rectifier. This 
company could supply a half million 
rod type selenium rectifiers per year 
the report states. They have an ad 
quate raw material supply. You might 
try contacting these two companies d 
rectly. 


High Pressure Lubricants 
To the Editor: 


We have noted with interest, on 
page 122 of your January issue, a briel 
reference made to the successful us 
of “Molybdenum Disulphide as 
lubricant” where extreme bearing pres 
sures are involved. 

We would be much obliged if you 
could tell us where we could find a 
source for additional information rela 
tive to the use and procurement of 
this lubricant. G. H. Piri 

Owens-Illinois Glass C 


Ed—lI suggest that you write to the 
Climax Molybdenum Co., 500 Fifth 
Ave., New York, N. Y. and request 
a copy of the booklet entitled "Molyb 
denum Disulphide as a Lubricant." 


Where Are They? 
To ihe Editor: 


After reading the article appearing 
| in the May issue of Propuct ENGI 
| NEERING regarding “Internal Drive 

Pumps", we directed an inquiry to At 
lantic Pump Corporation, Philadelphia, 
Pennsylvania, which was returned du: 
to insufficient address. We do not find 
this firm listed in Thomas' Register 
and would very much appreciate receiv 
ing their mailing address from you 
—H. WESLEY SAVAGI 

Oak Ridge National Lab 


Ed—The address of the Atlanti 
Pump Corp., mentioned on page 133 
of the May issue is 4272 Wissahickor 
Ave., Philadelphia 32, Pennsylvania 
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Right 


Fairfield’s new plant in 
Lafayette, Indiana 


Ab 


« 
Spur Gear 


FAIRFIELD 


SO 


Jve 





efficiently * economically! 


@ At Fairfield, YOUR GEARS are in the hands of 
specialists equipped with every modern facility for pro- 
ducing fine gears EFFICIENTLY, ECONOMICALLY. 
By specializing exclusively in “Fine Gears Made to 


Order”’ for more than thirty years, Fairfield has become 
one of America’s largest producers of these parts. This 
is why many makers of construction machinery... 
agricultural implements... machine tools... military 
equipment...tractors, trucks, and buses now regularly 
depend on Fairfield to meet their 
requirements. For the Best in 
Gears, Specify Fairfield. 









Entrance to offices of 


Hobbing 





MANUFACTURING CO. 
2305 So. Concord Road, Lafayette, Indiana 















o, 


NEW BOOKS 





Numerical Methods in 
Engineering 


MARIO G. SALVADORI, Assoc. Pi 
Civil Eng., Columbia Univ.; M 
L. BARON, Research Assoc., C 
Univ. 258 pp, 6 x 9 in. Publi 
Prentice-Hall, Inc., 70 Fifth A 
New York 11, N. Y. $6.65. 


A well recognized shortcoming 
the mathematical ability of many er 
ginecring graduates is the gap betwee 
the knowledge of the theories involy 
and the technique of applying th | 
theories to physical problems. It ist 
purpose of this presentation, therefor 
to introduce students, scientists, an 
particularly engineers to those eleme: 
tary techniques which are needed mor 
often in the solution of technical pro 
lems. It is assumed that the reade 
has a knowledge of the calculus an: 

a smattering of differential equation: 

The five chapters of the book de: 
with: 

1. The solution of algebraic equ 
tions of high degree and of simultan 
ous lincar algebraic equations. 

2. The elementary theory of fin 
differences and its application to n 
merical differentiation, integration, i 
terpolation, and extrapolation. 

3. The solution of ordinary init 
value problems. 

i. The solution of ordinary bou: 
dary and characteristic-value problem: 
5. The solution of problems 
volving partial differential equatio: 
of boundary, characteristic, and mix 

types. 

In the presentation of the material 
finite difference theory is made t! 
unifying basis of all the numeric 
techniques. This makes the treatment 
of the various subjects efficient 
and avoids unnecessary repetition. | 
also allows a simple evaluation of 
rors throughout the book and, pe 
haps for the first time, the systematic $ 
use of efficient extrapolation pro 
dures. 

The various numerical techniqu 
are either introduced by, or appl 
to, a simple illustrative problem tak 
from the various fields of engineer: 
(mechanics, strength of materia 
electricity, elasticity, plasticity, her 
flow, vibrations, clastic stability, ct 
in order to give as wide a range 
applications as possible within 
limits of space and prerequisites. But 
the reader does not need to be famili: 
with the particular field of knowledg 
involved in the illustrative prot 


pa haw 
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in hydraulic hose assemblies 






y of fint E | " մ i 
ion ton | | աե, with this revolutionary, easy-to-use 
gration, | 5 = 
«պ ANCHOR SPLIT-FLANGE CLAMP 
ary init | 
i Here’s a brand new time- and trouble-saver for the users of 
nary boun E i 2 hydraulic hose and piping — Anchor's exclusive Split lange 
» problem: Ի. é C ———— M Clamp. Check these features — they're what you've been 
ille ս looking for. 
: 5 
| equatior լ à | լ Հ i ե LEAKPROOF — the “O” ring, successfully utilized in so many 
and mixed Ig բ լ Վ երա ավ hydraulic applications, provides a perfect seal 
EASY TO ASSEMBLE — no unwieldy pipe wrench required. All 
e materia ր you need is a small automotive type wrench. Ideal where 
made th Igi A clearances are limited. 
numeric ^ - 7 ELIMINATES PIPE THREADS —can easily be removed or attached 
e treatment MI SLL, NESSIE SSS SSS over and over again. No tapered threads or wedging action 
s efficient B > to cause distortion in pump housings, cylinders, or valve bodies. 
petition E WIDE RANGE OF SIZES AND TYPES — straight or angle styles 
ition of er- EE - i I—— — with clamp or pressed-on couplings — sizes from /3-inch ID 
and, pet ; s to 2-inch ID. Available for high, medium, or low-pressure 
> systematic service and suction return lines. Send coupon for further 
CA P | information. 
pu : 
ANCHOR COUPLING CO. INC. 
— Factory: LIBERTYVILLE, ILLINOIS * Branch: DETROIT, MICHIGAN 
or app 
4 "v, Z i 
blem tak »" S M աաա eR r EZ NA NAR NM NER MUS UAM ee OG OUR Ae m n Պ 
nginecti! ý — 
materia E ANCHOR COUPLING CO. INC., Dept. PE92 í 
ticity. hex ն Libertyville, III. 1 
Tity ( Yes, I'm interested in Anchor Split-Flange Clamps 
bility : Please send me a bulletin. with more information ։ 
a range a 
. 1 < Name Positior 
within 1 
uisites. But 1 Company i 
! be fa nil åt à Company Address - 
know led B co ' 
Ւ| 6.11 
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There's a 


SNS 


To Meet Your 


SN Mechanical Seal 


Exacting Requirements 


General Purpose Seal... 


. most widely used end-face 
seal in industry . . . ideal for 
centrifugal, rotary and jet 
pumps, gear reducers and 
many other rotary shaft appli- 
cations . . . offers long life, 
complete flexibility, easy in- 
stallation. Two types availa- 
ble, No. 1 and 2, for varying 
equipment space conditions. 


Low Cost, High Quality 
"Pressed-in" Seal... 


. the answer to small shaft 
sealing applications involving 
high speeds and vibration. 
Millions of these Type 6A 
Seals are mass-produced for 
automotive water pumps, 
making them available at a 
relatively low cost in stock 
sizes. Each of these easy-to- 
install seals will fit all shaft 
sizes from 1% in. down to as 


small as 4 in. and under. 


High Temperature 
Anti-Corrosive Seal... 


... This Type 9 Seal performs 
effectively at temperatures up 
to 485° F. It incorporates a 
Teflon flexible member which 
is unaffected by all known 
corrosive agents. 


տտ ww 


All seals in the “John Crane” 
line are end-face in design 
. . . nothing touches the shaft 











which can score it. No matter what your mechanical seal- [m 
ing problem is, there's a “John Crane” seal designed to ex- | & c € 
actly “All the bill”. Our trained field engineers are ready p 


to work with you in selecting the best seal for your needs. 


Write for entirely new catalog on “John Crane” Mechanical 
Seals. It’s just off the press! 
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CRANE ‘PACKING COMPAN 


1845 CUYLER AVENUE e 





PACKINGS » MECHANICAL odia PRODUCTS 7 PIPE SEALING CLAPMASTER LAPPING 


COMPOUNDS a MACHINE 
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CHICAGO 13, INO լ 
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New Books............ . .€Ofti ued 
to grasp the mcaning of the num 
technique. 

The choice of techniques was | 
upon their simplicity and efhcic 
some have been known for over wo 
centuries; others have been adva: ced 
in the recent past. The numerical tool 
to which these techniques can b 
plied are, usually, the electric desk 
calculator and, in many cases, the slid 
rule. Modern electronic calculators. to 
which most of these techniques 
also obviously be applied, are not 
mentioned since their theory co 
tutes an entire new field of ap; 
mathematics. 

The problems at the end of 
chapter are essentially of two ty: 
purely numerical exercises and app! 
pro! blems. Many of the numerical í 
ercises represent actual physical pro! 
lems and can be interpreted analog 
ically in a variety of ways. Th 
mathematical formulation of the ap 
plied problem is given or can be d 
rived from the text or from th 
numerous references in the footnotes 
Answers are given to alternate prob 
lems and to all problems whose an- 
swers are of general interest. 


Statistical Theory With 
Engineering Applications 


A. Harb, Prof. of Statistics, Unit 
of Copenhagen, 783 pp, 7 x 10 in 
Published by John Wiley & Sons, 
Inc., 440 Fourth Ave., New York 16 
N. Y. $9. 


Using only standard differential and 
integral calculus this book presents the 
statistical methods important to the 
engincer in his daily work. It covers 
a large part of the theory that was de- 
velope 'd during the past fifty years and 
proved to be of practical value. The 
subject is treated in a mathematical 
way, asserting that statistics cannot 
properly be understood in any other 
manner. But great care has been taken 
to give a simple and coherent exposi- 
tion of the theory—without using ad- 
vanced mathematics. 

In studying statistics, Dr. Hald be 
lieves, theory and practice must go 
hand in hand, and the full significance 
of a theorem first dawns upon a 
reader when he studies a practical 
application of it. For this reason, every 
important theorem is illustrated with 
examples from actual practical work 

. most of them drawn from the 
author's own experience. 

The choice of the statistical meth: 2 
dealt with in the book has been much 
influenced by the works of R. A 
Fisher. The main stress has been laid 
on the normal distribution and thi 
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WELDED - LOCK SEAM - OPEN SEAM - BUTTED TUBING - METAL SHAPES - MOULDINGS 








"Joe, where can we 
get these small parts 
in the quantity 
we need?” 





"From Torrington, 
Tom! They turn 
out hundreds of 
thousands of 
precision metal 
parts a day.” 





Batteries of automatic and semi- 


wtomatic machines are working 


steadily and efficiently at Torring 


ton, keeping many of the nation’s 


leading manufacturers supplied 


with small precision metal parts 
made to their specifications. 
Whether vou need a tremendous 


quantity of parts on à regular basis, 
or onlv an occasional few, we can 
furnish them at a surprisingly low 
cost 

Just end us a sample or blueprint 
vour small metal components 
Tell us how Well 


many vou need 


| prompt quotation. 





THE TORRINGTON COMPANY 
Specialty Department 
554 Field Street * Torrington, Conn. 
Makers of 


TORRINGTON ///7/; BEARINGS 
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New Books ...continued 


tests of significance connected with 
this distribution, since these tests have 
proved to be of tremendous practical 
value. 

Published in conjunction with this 
book is a separate volume that in 
cludes a comprehensive set of statis 
tical formulas of practical importance 
and tables containing standard statis 
tical functions. The latter section 1» 
designed so that interpolation is un 
necessary; in this respect it is morc 
useful than most other tables prevously 
published 


Electrical Reference 


E. S. LINCOLN, Consulting Engineer, 
Fellow, AIEE, 81⁄4 x 11 in., 1744 
pages. Published by the Electrical 
Modernization Bureau, Inc., 110 
Mamaroneck Ave., W hite Plains, N. Y. 


$25. 


This is the second edition of a 
reference book that proved to be of 
great practical value to plant electrical 
engineers, plant maintenance men, 
electrical contractors, design engineers, 
and other groups interested in indus- 
trial and commercial applications of 
electric power. The book covers all 
the practical aspects —description, rat- 
ings, operating principles and func- 
tions of all types of electrical equip- 
ment. 

The data in the new edition have 
been carefully revised and expanded 
to include the latest information on 
equipment and uses. The information 
is clearly and simply presented by 
means of text, diagrams, charts and 
tables so that the book should be help- 
ful not only because it shows how 
clectrical equipment operates, but how 
to operate it, and where to get it. 

The book is divided into twenty-six 
sections. designated as follows: Elec- 
trified Industry, Electrical Fundamen- 
tals, Industrial Wiring Systems, Switch- 
boards and Substations. Panelboards, 
Electrical Control, Electrical Pro- 
tective Equipment, Motors and Gen- 
erators, Capacitors, Industrial Lamps 
ind Lighting, Industrial Electrical 
Heating, Electrical Furnaces, Electric 


Welding, Signal and Communica- 
tion Systems, Transformers. Primary 
and Storage Batteries, Industrial 


Electronic Equipment, Electrical Meas- 
uring Instruments, Electrical Measure- 
ments, Electrical Surveys, Electro- 
plating and Electrolysis, Miscellane- 
ous Electrical Equipment, Electrical In- 
sulation, Maintenance of Electrical 
Equipment, Mechanical Drives. Cumu- 
lative Index, Table Index, NEC Index. 
NEMA Index 


The handling of the material from 








COUPLINGS 


FOR POWER TRANSMISSION 
REQUIRE NO MAINTENANCE 


Patented Flexible Disc Rings 
of special steel transmit the 
power and provide for mis- 
alignment and end float. 


Thomas Couplings have a wide 
range of speeds, horsepower 
and shaft sizes: 
'5 to 40,000 HP 
1 to 30,000 RPM 


Specialists on Couplings 
for more than 30 years 






PATENTED 
FLEXIBLE 


THE THOMAS PRINCIPLE GUARANTEES 
PERFECT BALANCE UNDER ALL 
CONDITIONS OF MISALIGNMENT, 


NO MAINTENANCE PROBLEMS, 


ALL PARTS ARE 
SOLIDLY BOLTED TOGETHER, 





Write for the latest reprint 
of our Engineering Catalog. 


THOMAS FLEXIBLE d 


Կանո ՀԻ -ու. :- 


COUPLING CO. 


WARREN, PENNSYLVANIA 
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SERVICE 
GREATER VARIETY 
HIGHER QUALITY 


ALLMETAL 
AN /o 


STAINLESS STEEL 
FASTENERS 


MACHINE SCREWS + NUTS + BOLTS -+ WASHERS -+ PINS -+ RIVETS 


AVAILABLE IMMEDIATELY FROM STOCK, an 
endless stream of first quality “AN” stainless fasteners is 
Allmetal’s answer to the exacting demands of defense pro- 
duction . . . in aircraft, electronics, ordnance, in industry 
everywhere. Always remember Allmetal, to get the fasteners 
you want—when you want them. 


WRITE FOR 
CATALOG, 
ON YOUR 
LETTERHEAD, 
TODAY! 
SU MANUFACTURERS SINCE 


ՔՀ PAUPPIVIE TZ I 
ath, SCREW PRODUCTS COMPANY, INC. 
ornicis.ocre, Wene? 33 GREENE STREET NEW YORK 13, N. Y. 











YOUNG MEN 
OF VISION. 


Their future is based on decisions made today. The 


secret of success at Indiana Gear is to visualize... 


create... prove... and then move on to conquer the 





next problem. Indiana Gear proves from past success 


in a highly competitive business that its policy of using 


master craftsmen, fine equipment, skilled sub- 
contractors, and “young men of vision,” exemplifies the 
perfectly coordinated planning so necessary to solve the 


gear problems of today. 


M e INDIANA GEAR 


The driven gear shown here is 5" In pitch diameter 
and 15" long overall. it is carburized and hardened 
with heat-treating distortion held within .001”. 





INDIANA GEAR WORKS e INDIANAPOLIS 7, INDIANA 
Լ 292 





New Books . .Contin 


the 1951 National Electrical Code, ; 
the NEMA Standards is one of 
features of the book. The entire C 

is included, but the various articles . -: 
part of the particular section to wh h 
they apply: he index already refer: 
to makes it easy to locate any art 
or section of an article. The same 
plies to the NEMA Standards both 
to location and indexing. 

Every effort has been made to insi 
the practical nature of the inform, 
tion, its authenticity and accessibili 
As a result, the book should be a valu 
able addition to executives, operating 
or maintenance plant personnel, co 
tractors and students. 


Die-Casting—Second Edition 


CHARLES O. HERB, 310 pp, 6x 9 ; 
Published by The Industrial Pre 
140-148 Lafayette St., New York 13, 
N. Y., $4.50. 


Die-casting from its early phases up 
to today's advanced practice is thor- 
oughly covered in this second edition 
The chapters relation to die-casting ma 
chines, die-casting alloys, and steels 
for dies and die components have been 
extensively revised. New examples oí 
unusual die-castings have been added 
—including a detailed description ot 
an induction motor rotor die-cast as a 
single unit around stacked laminations 

The latest models in automatic and 
manually operated die-casting ma 


| chines are illustrated, such as fully 


hydraulic machines of the vertical 


| cold-chamber and horizontal cold- 


chamber types, air-operated vertical 
machines, machines convertible fron 
cold-chamber to gooseneck type oper 
ation, etc. An interesting adaptation 
of a vertical hydraulic press to di 
casting work is also described. 

Six new tables of die-casting alloy 
compositions and properties have been 
added to the chapter on alloys, and 
these are supplemented by the text dis 
cussion of their applications. 

The chapter արեք to steels for 
die-casting dies will be of particular 
interest to die designers since th: 
tabular arrangement of the data թո 
sented is an aid in the selection of th: 
proper type of die steel for each 
component of the die-casting die. 

As in the previous edition, a dis 
tinctive feature is the large number o! 
illustrations and detailed description: 
of dies for parts ranging from simpl 
shapes to complex forms. The di 
designs which are illustrated are th 
work of die design specialists, an 
have been successfully used in indus 
try. To further aid the designe: 
there is a section illustrating an 
describing the die design standard 
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Give Your 
ection Problems 
the Air 


...and boost 
production and safety 


products 


End slow, dangerous hand removal of work with a 
Schrader Air Ejection Set. Install Schrader Air Ejection 
Sets on your power presses—or any machines with moving 
parts to actuate a cam or sliding tripper. You'll find produc- 
tion soars—up to 100% ... operator safety is boosted 50°. 
Replace hand removal with Schrader Air Ejection and 
watch your presses take a new lease on life. 


e Replace wasteful, homemade steady air blasts with 
Schrader Air Ejection Sets. Air costs drop as much as 90% 
because Schrader Air Ejection Sets ration out just enough 
air to do the job... synchronize your air blast with demand. 
Before you decide your old compressors have reached full 
capacity, check with Schrader to see how to cut air waste. 


Schrader Air Ejection Sets are delivered fully assembled and 
ready to go to work. Their low cost is more than repaid in 
just a few weeks. 

See how Schrader Air Ejection Sets will help you plan 
more effective use of machines. Write, describing the ma- 
chines on which their use is contemplated—or fill out the 
coupon below. 


control the air 


A. SCHRADER’S SON 
Division of Scovill Manufacturing Company, Incorporated 
Air Cylinders * Operating Valves * 477 Vanderbilt Avenue, Brooklyn 17, N. Y., Dept. U-2 


Press & Shear Controls * Air Ejection 
Sets * Blow Guns * Air Line Couplers * 
Air Hose & Fittings * Hose Reels * Pres- 
sure Regulators & Oilers * Air Strainers 
* Hydraulic Gauges * Uniflare Tube 
Fittings 


Name 
Company 


Address 
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E 
You'll find 
Air Valves for every job 
in this 
For 
i Trigger - Quick Control 
i of All 
' Air - Operated Equipment 
Solenoid In-Line Valve Foot Valve * 
Straightway, 3 way, 4 way 
* 
Sizes: Va" thru %” 
EFFICIENT! Full flow design 
Solenoid Pilot Valve Hand Valve plus simplified construc- 
tion with only one moving 
part . . . add up to more de- 
` | pendable performance, longer 
life, reduced maintenance. 
" COMPACT! The compact de- 
sign of MAC valves makes 
Solenoid Valve — Double Solenoid Valve them especially adaptable for 
installations where space is 
limited. 
ECONOMICAL! Yes . . . with 
all their extra advantages, MAC 
valves are actually priced lower 
than many ordinary air valves. 
' Here's an investment that really 
Pilot Ceatrelled Valve Cam Valve pays off! 
MEEHANICAL AIR CONTROLS 
- BOX 5171 SOUTHFIELD STATION, DETROIT 35, MICH. 
» Write For Free Catalog No. 52-B 
> "JT 
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New Books contin 


employed by a lcading manufact 
of die-castings and dic-casting eq 
ment. 

Dies have been classified in gro 
according to their most distinguish 
characteristic in order to facilitate 
cating a gencral design or type ol 
adapted to a given class of work 

The sixtecn chapters in this lx 
deal with thc following subjects: 1 
Die-Casting Process and Its Appl 
tions; Die-Casting Machines and TI 
Development ; Alloys for Die-Casti: 
Die-Casting Dies and Their Օբ. 
tion; Multiple-Cavity Dies for I 
plicate Castings; Dies with Auxili: 
Slides for Exterior Cores; Slid 
Cores in Movable and Stationary D 


Adjustable Dies for Parts of Differ 


ent Dimensions; Standards for | 
signing Die-Casting Dies; Steels 
Die-Casting Dies; Die-Casting wit 


Semi-Automatic Machines; Die-Cast 


ing Thin Sections; Die-Casting Bra 
Die-Casting by the Vacuum Proc 
Unit System of Die-Casting; and D 
Casting Cast Iron 


Statistical Quality Control 


EUGENE L. GRANT; Professor of E 

romics of Engineering, Stanford U) 

versity Sec nd լաթ. 557 bat 

6x9 in. Published by the McGrau 
Hill Book Co., 330 West 42nd § 
New York 36, N. Y. $6.50. 


Much expansion in the use of th 
techniques of statistical quality controi 
has occurred since the first edition of 
this book was published in 1946. Ir 


hundreds of industrial companies, th 


use is now accepted as a routine and 
commonplace cost saving matter. Many 
of the statistical techniques originally 
developed for use in manufacturing 


can be applied successfully to cleri 
work and other manufacturing acti 
ties. 

This second edition includes ma: 
important changes from the first ed 
tion. 

The chapters dealing with acceptan: 


samping by attributes have been ex 


panded and largely rewritten to i: 


clude developments in multiple and 


sequential sampling. Rewriting h 


been aimed at up-to-date coverage o! 
the attributes sampling procedures 


used by the military services; the o! 
jective has also been to improve tl 
presentation of fundamental principl 

The chapter dealing with accep 
ance sampling by variables has be: 
entirely rewritten. Many recent d 


velopments in this field are described. 
including the Shainin Lot Plot and 


the variables tables and procedur 
developed by the Applied Mathemat: 


se) aca 
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UPPER PHOTO 

Highly polished sondwich grill cov- 
er. -Right half stripped with Metal 
Stripper ^ Note smooth bright 
surface ready for replating. Smal 
parts may be stripped by bosket or 


bulk processes 


LOWER PHOTO 
Silver soldered gun parts. Top shows 
work with excess solder formerly re 
^ t ^ moved mechanically. Bottom shows 
y contri լ part cleaned with Metal Stripper ‘A 


dition of! է R 


c ՞ es at lower cost. Photo courtesy High 
JAG Ir 


esult: a cleaner part free of scratch 


Standard Mfg. Co., Hamden, Conn 
ies, th 


tine at է i : 
E M METAL STRIPPER “A” is an alkaline material used at room temperature to 180° F. for rapid strip- 
C iM an 


riginall ping of nickel, copper, zinc, cadmium and silver. No attack on base steel. 
facturi: 
) cleri 


g acti\ 


METAL STRIPPER N-165 S is a neutral material that is added to acids for rapid dissolving of nickel, 


lead, tin, zinc and cadmium from copper base alloys. 


Work is immersed in an acid solution containing 1 lb. per gallon of Metal Stripper N-165 S from 


Cs mat 150-180* F. Acids used are sulphuric, hydrochloric, sulfamic and fluoboric acids. Rate of stripping is 
first cd from 0.001” to 0.008” per hour. 


ceptan ZINC STRIPPER is an alkaline material used in a steel tank that rapidly strips zinc from steel with- 
»een Ex 
1 to i 
ple at 


out current. Solid zinc, electroplated zinc and hot galvanized coatings are readily dissolved. Operating 
temperature is 200-210" F. 


ing h WRITE Enthone for advice and information on stripping of defective plated work and the selective 


erage ol dissolving of metals. Also ask for Enthone check list of 60 products for better metal finishing 
ocedur 
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to install this 


through panel. 


new waterproof 
Push Button Switch! 


back of panel. 


That's all there is to it! You've installed 
this new Riverside push button switch that 
actually opens and closes circuits under- 
water . . . functions perfectly from 65°F. 
below zero to 165°F. above . . . defies salt 
spray and withstands shock and vibration! 





pushbutton end of switch. 


Yes, the switch must do all that to meet tough military “specs”... 
but it's ideal for your low current applications as well. Its continuous 
rating is 10 amperes at 15 volts D.C., 30 volts D.C., or 125 volts A.C. 
It's single throw, one circuit, available either normally "open" or 
normally "closed". Switch body is encased in a specially developed 
rubber compound. Waterproof lead wires are vulcanized into the 
rubber case, becoming integral with the assembly, as does the switch 
mechanism itself. Waterproof connectors are assembled to the leads 
when required. 


Perhaps you can use this switch right in its present form. If not, 
our engineers will be glad to design variations to suit your particular 
problem. We're specialists in the design and manufacture of all 
sorts of intricate electrical devices and assemblies . . . and we'll be 


happy to help solve your problem, as soon as we hear from you! 
Why not write, today? 


Waterproofed Toggle Switches, too! 


Complete line of standard models, 
same rigid "specs" as above. Up to 
200 amp. rating, various toggle and 
mounting arrangements. Write for in- 
formation. 








Insert switch body through 


Screw protective cap over 


Drill or punch mounting hole | 


Wwerside Manufacturing 


AND ELECTRICAL SUPPLY COMPANY 


10225 MICHIGAN AVENUE eè DEARBORN, MICHIGAN eè PHONE Tiffany 6-6800 


WIRING HARNESSES AND ASSEMBLIES e CORD SETS e HEATER AND EXTENSION 
CORDS « ELECTRICAL SWITCHES e RELAYS e MOLDED RUBBER PRODUCTS 
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New Books contir ed 


and Statistics Laboratory of Stant 
University. 

The treatment of the cost asp 
of quality decisions has been con. i 
erably expanded. 

Master tables from "Military Sta 
ard 105A—Sampling Procedures aid 
Tables for Inspection by Attribut 
have been included in an append 
Two tables for use in variables sa: 
ling are also included. 

Like that of the first edition, | 
object is to present a book that might 
be useful to production and inspc.. 
tion supervisors, to engineers, and to 
management. The aim is to give just 
enough theory to supply practical 
working rules that will enable one to 
recognize the limitations of the meth 
ods as well as their many uses. 


Management Controls in 
Industrial Research 
Organizations 


ROBERT N. ANTHONY, Associate Pro 
fessor of Business Administration, As- 
sisted by JOHN S. Day, Research As- 
sociate, Division of Research, Graduat: 
School of Business Administration, 
Harvard University, 537 pp, 52 x 8Y% 
in. Published by Division of Research, 
Harvard Business School, Soldier 
Field, Boston 63, Massachusetts. $6.75 


The growth of scientific research 
departments in American industry has 
given rise to numerous relatively new 
problems of administrative control 
Scientific research necessarily is non 
standard and individualistic. The very 
circumstances, however, which render 
it difficult to exercise effective admin 
istrative control over scientific research 
activities also intensify the need for 
such control. 

Business organizations have de 
veloped useful control techniques for 
production, finance, marketing, and 
other functional areas. The develop 
ment of control techniques for the re 
search function has not progressed so 
far. Dr. Anthony recognizes that re 
search activity differs greatly from 
other activities of the industrial firm; 
that success in research largely de 
pends on the freedom of the research 
worker. He contends, however, that 
industrial research must be managed 
as it is only one part of the activity of 
an organization with finite resources 
and specific over-all objectives. Th 
conclusion is that the central problen 
in the management of industrial re 
search is one of finding "the proper 
balance between freedom at the labora 
tory level and direction from the top." 

The kinds of information on which 
the study is based consisted of (1) 
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with GREER ACCUMULATORS 


The Greer Accumulator, a simple invention utilizing 
Boyle's Law, is revolutionizing the design of equip- 
ment for production and defense. 


Presses that formerly required 50 hp motors now op- 
erate more efficiently and economically with 1% hp 
motors and Greer Accumulators. A manufacturer of 
large drills reduced work spoilage 24'/2 % by installing 
Greer Accumulators on his production equipment. 


Greer Bulletin 301 illustrates the 
use of Greer Accumulators as an aux- 
iliary source of power in intermittent 
duty systems, for leakage-volume 
pressure compensation, as an emer- 
gency power source, for operating 
secondary circuits, for absorbing 
shocks, and other applications. Send 
for your copy today. 


Greer Accumulators enabled a die casting equipment 
manufacturer to use 15 hp motors to do a 45 hp job and 
to reduce floor space by 32 sq. ft. per machine. 


We offer you, without charge, the experience gained 
in hundreds of different Greer Accumulator applica- 
tions to help you reduce the cost and increase the 
efficiency, dependability, and performance of your 
equipment. 


U. S. PATENTS UNDER OLEAR LICENSES 


hid GREER HYDRAULICS, INC. 458 18th Street * Brooklyn 15, N. Y. 


(1) Sales Representatives in Principal Cities District Office: 407 So. Dearborn St., Chicago 5 
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OIL SEALS 


THREE separate and distinct 
laboratories to solve 
your sealing problems 


Good packings design requires 

exact answers to specific hydraulic, 
pneumatic, or fluid retention 

problems with rubber or leather. 
Supplying these facts is the 

important function of Trostel research— 
ipplying them out of experience 
wherever possible; developing 

new compounds and impregnations where 
iaterials are found wanting. 

The end result is a thoroughly tested 

I i on known operating 

that can be produced 

illy, in quantity, 

rigid laboratory control. 


We invit« 1 to join the many 
well-engineered companies who 
found these services 

both indispensable and profitable. 


Illustrated bulletin on request. 


ALBERT TROSTEL PACKINGS, LTD., Lake Geneva, Wisconsin 


Formerly Division of Albert Trostel & Sons Co., Milwaukee, Wis. 


RANCH OFFICES 
BRANCH OFFICES | SEATTLE 9 HOUSTON e 








NEW YORK è LOS ANGELES è SAN FRANCISCO 
WORCESTER, MASS. 


Գ: BT 4 


LEATHER LABORATORY 


իկ 
2 i 
Dom in 


as ee 


SYNTHETICS LABORATORY 


IMPREGNATIONS LABORATORY 


TROSTEL 
QUALITY 





New Books . .continuc 
over 200 interviews with research a 
ministrators, controllers, financial « 
ccutives, presidents of companies ar 
their assistants, government official 
university faculty members, and co: 
sultants; (2) responses to a surw 
mailed to all the research organiz: 
tions listed in the National Resear 
Council Directory as employing mor 
than 15 persons; and (3) literatur 
primarily in the ficld of managemer 
control problems in rescarch organiza 
tions. 

Part I, Statement of the Problem 
focuses on the particular aspects of rc 
scarcn management to be included i: 
the study. These are described a 
aspects of (1) the management of th 
technical program, (2) the manag 
ment of service activities, (3) th 
management of money, (4) equip 
ment management, and (5) personnel 
management. 

In Part II, the reader’s attention is 
directed to Factors Which Relate to 

| the Problem. These variables are iso- 
lated and described under three gen- 

| eral classifications: Factors common to 
control problems in general; the re 
search worker and the research proc 
| ess; and factors responsible for differ- 
| ences among laboratories. 

In Part III, the author treats current 
control practices within a functional 
| classification as follows: Planning thc 
technical program, budgeting by or 
| ganization units, operation of and 
| checking up on the technical program, 
| Operating control over certain types ot 
| spending, control of service depart 

ments, accounting for and checking up 
on spending, control of the procure 
ment and use of equipment, yard- 
sticks: comparisons with other labora- 
tories. 

Four chapters, describing in detail 
the current control techniques in four 
specific industrial laboratories, com 
pose the concluding part of the study 


Primer of Electronics 
and Radiant Energy 


DON CAVERLY, Second Edition; 6 x 9 
m; 342 pp. Published by McGrau 
Hill Book Co., Inc., 330 West 42d 
St., New York 36, N. Y. $3. 


With the many advances made in 
radio and television fields, and with 
the development and use of atomic 
energy to peacetime projects, there has 

| been a desire for information about 
the electron and radiant energy. This 
book, containing general principles 
underlying electronics and how ra- 
diant energy is produced and con 
trolled, is actually a digest of infor 
mation on how electrons, protons 
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....in this new Soreng Solenoid 


Compact « Light Weight - Quiet 


Note These Advantages Here is another brand new Soreng Solenoid—designed especially 


for applications where power is needed in a small size unit 


Small and compact 
Shading coil is in base of lunger for greater efficiency and 


high sealing pull. Regularly furnished for intermittent duty on 
Quiet in operation 115x. 60 cycle a-c. Can also be furnished on special order for 


Light in weight 


Operates in any position other a-c voltages. 

Exceptionally powerful in Available with Soreng Plug-In. terminals, solder lugs, screw 
relation to size terminals or wire leads. 

Engineered for dependabil- Like all Soreng Solenoids. Model 12880 is engineered and built 
ity and long life to outlast the products on which it is used. That's vour assurance 
Shading coil in base of of top quality, dependability, long life 

plunger for greater efficiency For further details on Model 12880 or on am Soreng elec tri i| 


and high sealing pull. component address Dept. N29. 


PULL CHARACTERISTICS 


22 Ad -— — America’s Largest Manufacturer of Solenoids Տի 
He F 1.3 
4 9 1.5 
1 

^ vt 1.8 9555 Soreng Ave., Schiller Park, Ill. (Chicago Suburb) 

Sealed 2.0 3.1 Plants: Schiller Park, Ill. + Fremont, Ohio 
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Coolers w Chiers 


(IN ANY SHAPE OR METAL) 


for heating or cooling —WATER—HYDRAULIC OIL, LUBRICATING 
OILS — COOLANTS — CUTTING OILS — OTHER LIQUIDS 











...COME 10 1460... 
WE'RE EXPERTS- 


IN MAKING SHELL AND TUBE 
HEAT EXCHANGERS IN 
Y SHAPE 
ANY METAL OR AN 


Whenever the product you're designing or manufacturing 
requires a shell and tube heat exchanger, discuss your 
space limitations and design requirements with Taco. You 
con be sure our solution will save you space, time and a 
lot of engineering headaches. We've been helping 


manufacturers who need special heat exchangers of different 
metals for many years. 


Here are Two Examples of Special Taco Heat Exchangers 
Designed to Meet a Space and Capacity Problem 









FOR HOUSE HEATING BOILEK 


é- 
i £ 
y ? 
ա. 
ու Ֆա Եր 
X v c 


Պչ 


TACO HEATERS INCORPORATED @ 137 SOUTH STREET, PROVIDENCE 3, R. |. 


New Books......... sees es CONtinUE 


neutrons, and other composite atom 
particles behave and are controllc. 
and how the radiant energy from thc 
release is utilized. 

Divided into four parts, the boo 
begins with a section of electricit 
explaining the structure of the aton 
the electron, isotopes, molecules, an 
then proceeding to a general discus 
sion of this whole topic. Part II is d: 
voted to a treatment of magnctisn 
bringing in descriptions of generator: 
transformers, and harmonics. Part 
III describes in detail electromagneti. 
radiation and has information on en 
ergy, light, infrared and ultraviolet 
radiation, radio waves, X-rays, radio 
activity, atomic energy, and other 
electronic devices such as radar, loran 
and sonar. Part IV discusses electron 
tubes and various sources of radiant 
energy. 

Many specially prepared illustra 
tions supplement the text. 


Theory of Matrices 


| SAM PERLIS, Associate Professor of 


Mathematics, Purdue University. 237 
pp, 6x 9 in. Published by Addison- 
Wesley Press, Inc., Cambridge 42, 


| Mass., $5.50. 


The theory of matrices is covered in 
such a manner that this book is suitable 
as a text for both mathematics majors 
taking a first course of one semester, 
and for other students of meager 
mathematical background. Care is 
taken in writing proofs, discussions, 
and examples to illustrate definitions 
and theorms. In addition there is a 
gencrous supply of exercises including 
adequate amounts of numerical work, 
but bearing on simple theoritical ques 
tions. Occasional queries are inserted 
in the text proper to focus attention 
on a fine point or to stimulate review 
of earlier topics. Where parallel 
theories occur, one is worked out in 
detail and the other merely outlined, 
details of proof being left for the 
student to work out. 

The main purpose of the book is 
to establish the well-known canonical 
forms. Rank, nonsingularity, and in- 
verses are introduced in connection 
with the development of canonical 
matrices under the relation of equiv- 
alence, and without the intervention of 
determinants. Congruence and Her- 
mitian congruence are the next major 
topics. In the latter chapters, charac- 
teristic vectors and roots lead to the 
various diagonalization theories, cul. 
minating in the study of normal 
matrices. 

Numerous supplementary topics are 
treated in appendixes located at the 
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Ford Instrument Company 


has pioneered in the field of gun-fire control 
mechanisms thru two world wars, Ford developments 
have contributed to superior Naval Ordnance efficiency 
These and subsequent Ford developments currently 
supply control instruments to defense and industrial 
installations requiring precision performance. 


Miniature Preeision Bearings 


incorporated, are the originators and pioneer manufacturers of precision 
ball bearings in miniature sizes. The conception of practically every develop- 


ment in this field has been by MPB. 


More than 120 types and sizes of MPB ball bearings are regularly supplied in 
10 designs, of high carbon chrome bearing steel; some are available in stainless 
and in beryllium copper. They range in size from 1/10" o.d. in radial series to 
7/16" o.d. in thrust series. Special designs where indicated. They are fully 
ground, lapped, honed, and/or burnished to ABEC5 tolerances or better. Latest, 
most exacting finishing and inspection procedures insure the type of quality 


bearing that users have come to rely upon. 


MPB ball bearings supply all the advantages universally accepted in larger 
counterparts. Design engineers are assured of complete cooperation. Catalog 


showing complete range, selection data on request. Ask for survey sheet PE 9 


Present demand exceeds supply despite extensive post-war expansion 
Greater production facilities, new exclusive processes have produced a 
finer product — will permit our participation in your future planning 


iniature Precision Bearings 


Incorporated ՀԸ Keene, New Hampshire 
ՖԱՆ 


save 

25 space 
weight 
friction 


es pioneer Jrecisionists to the World's foremost Instrument Manufacturers 
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EAD ENGINEERING 


"KEEPS 
YOUR 
POWER 
RT ox 


Model No 


6 


«i , 
՛ THREADED PIPE 


sj 4 WOLE 8 PLUG 


A small fractional H.P. all-purpose electric motor completely 
waterproof and capable of instant operation even after long 
periods of submersion in sea water. Another example of 
EAD's engineering know-how! 


SPECIFICATIONS 


A.C. Single phase capacitor or 3 phase squirrel cage motor. 
Induction or synchronous * Reversible rotation * 115V or 
220V * 60 or 400 cycles * 1/15 H.P. to 1/3 H.P. * 900 
RPM to 12,000 RPM * Continuous or intermittent duty * 
Meets military specifications for corrosion resistance, fungus- 
proof, humidity, shock and vibration. 


Motor can be furnished totally enclosed or open, with 
terminals or connectors as required. Can be mounted for 
operation in any position. Will function efficiently in 
ambient temperatures up to 71°C. 

APPLICATIONS 


Driving fans, blowers, pumps, generators and antennas, 
Solving special problems 


is routine at EAD 


if your problem involves rotating electrical equipment, 
bring it to EAD. Our completely staffed organization will 
modify one of our standard units or design and produce 
a special unit to meet your most exacting requirements. 


EASTERN AIR DEVICES, INC. 


585 DEAN STREET, BROOKLYN 17, NEW YORK 


Frame No. 


109 


New Books continue: 


ends of various chapters. Thus the 
are available near the point at whicl 
they become relevant but are not in 
trusions upon the development of th 
main theorems. 

The text is laid out so that it can b 
covered rapidly or slowly depending 
on the mathematical background of th 
student. For advanced mathematics 
students the text material can be 
covered in one semester, while a year 
should be devoted to it for students 
of enginecring, psychology, chemistry 
and other subjects. 


An Introduction to 
The Theory of 
Differential Equations 


WALTER LEIGHTON, Professor .of 
Mathematics, Washington University, 
174 pp, 6 x 9 in., Published by the 
McGraw-Hill Book Co., Inc., 330 
West 42 St, New York 36, N. Y., 
$3.50. 


In planning and writing this text- 
book, covering a subject of much 
theoretical and practical importance, 
an unusual effort has been made to 
give substance to the fundamental ex- 
theorem and to present 
coherently the content of the theory 
The aim being to make these concepts 
a part of the students background. 

This book is a distinct departure 
from the usual collections of special 
methods of obtaining formal solutions 
of the various types of differential 
equations. The author is convinced 
that such collections impart to the 
student only a few superficial notions. 

The more useful formal methods of 
solving differential equations, of 
course, are presented. The applica- 
tions of the methods discussed are 
selected from the field of classical 
mechanics. These include orthogonal 
trajectories, mixtures, decompositions, 
Newton’s laws of motion, gravita- 
tional attraction, simple harmonic mo- 
tion, the vibrating spring, damped 
vibrations, and forced vibrations. 

The method of successive approxi- 
mations is given more attention than 
is usual in textbooks on differential 
equations. Particularly complete are 
the treatments of subjects such as the 
linear differential equation of the sec- 
ond order, the regular singular point 
in the real domain as discussed in the 
chapter dealing with solutions in 
power series, and the theorems on 
oscillation. 

For reference appendices are in- 
cluded that deal rigorously with the 
fundamental existence theorem, im- 
plicit-function theorem, existence of an 
integrating factor, and regular integ- 
rals 
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